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Preface 


This  repon  documents  on  ergonomics  evaluation  ihoi  tested  multiple  chenucal/biological  (CB) 
ensembles  to  determine  the  impact  of  their  use  on  performing  hand  dexterity  functions,  range  of 
motion  tasks,  and  mission  based  scenarios.  The  performance  of  each  CB  ensemble  was 
compared  to  the  performance  of  the  baseline  duty  uniform.  The  evaluation  was  accomplished  by 
testing  three  CB  ensembles  using  two  separate  human  test  subject  groups,  including  military 
personnel  and  state  police  troopers.  While  wearing  each  ensemble,  the  two  test  groups 
performed  a  series  of  tasks. 

The  recommendations  identified  in  this  report  will  be  provided  to  the  National  Institute  of 
Standards  and  Technology  -  Office  of  Law  Enforcement  Standards  (NIST-OLES)  for 
consideration  when  developing  law  enforcement  specific  CB  standards. 

The  evaluation  was  pertbrmed  by  the  U  S.  Army  Natick  Soldier  Research,  Development  and 
Engineering  Center’s  (NSRDEC)  National  Protection  Cenier  (NPC),  during  the  period  November 
2007  to  March  200^  under  Inter  Agency  Agreement  S  M423S6  with  NIST-OLES.  The  project  was 
funded  by  the  Department  of  Homdand  Secunty  (DNS),  Science  and  Technology  Directorate 
(S&T),  Test  and  Evaluation  and  Standards  Division  (T&E;Stds) 
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ERGONOMICS  EVALUATION  OF  LAW 
ENFORCEMENT  CHEMICAL/BIOLOGICAL  (CB) 
PERSONAL  PROTECTIVE  EQUIPMENT  FOR 
THE  LAW  ENFORCEMENT  ADVANCED 
PROTECTION  (LEAP)  CB  STANDARDS 

ASSESSMENT 


1  Introduction 

The  Law  Enforcemeo!  Advaiiced  Proiecitoa  (LEAP)  Program  spearheads  a  lulioiui  eflbn  (o 
address  muid-hazard  proieciion  usng  an  integrated  systems  approach  This  report  describes  an 
evaluauon  that  directly  supports  (he  cbemical/biologicaJ  (CB)  Standards  Aisessraeni  Prefect,  a 
subcomponent  of  the  LEAP  Program,  which  is  focused  on  analyzing  standards,  requiremesis, 
and  perfonnance  con^iderauoni;  in  the  contevi  of  law  enforcement  (LE)  CB  response  during 
HumelEind  SecurKy  Opeeaiions  (HLSOj. 

LE  CB  response  has  unique  operauonal  rei^utreinenis  wbich  are  not  specifically  addressed  in 
curmi  CB  personal  protective  equlpmeni  (PPE)  standards.  These  include  varying  degrees  of 
mobility  and  dexterity  required  (o  complete  LE  mission  related  tasks  A  minemum  level  of 
performance  within  these  areas  is  required  while  maintaining  the  necessary  levels  of  CB 
protection. 

This  evaluation  was  pertormed  by  the  U.S  Army  Natick  Soldier  Research,  Development  and 
Engineering  Center's  (NSRDEC)  National  Protection  Center  between  November  2007  and 
March  2008.  It  was  commissioned  by  the  Department  of  Homeland  Security  (DHS)  Science  and 
Technology  Directorate  (S&T),  Tevi  and  Evaluation  and  Standards  Division  (T&E/Stds),  dirough 
the  NaiionaJ  Institute  of  Standards  and  Technology  Office  of  Law  Enforcement  Starulortbt 
(NIST/OLES)  This  evaluation  was  destgOL'd  to  examine  the  LE's  umque  ergonomic  and  human 
Actors  issues  by  assessing  specific  performance  areas,  includmg  range  of  motion,  dexterity^  and 
ms&ion  related  task  scenarios. 

The  deGciencies  identified  in  (his  repon  directly  support  the  CB  Standard  Assessment  Project's 
objective  to  assess  performance  considerauons  for  LE  CB  respond.  The  results  of  this 
evaluation  will  aid  in  identity  mg  system  level  ergonomic  requirements  for  LE  CB  ensembles. 
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2  Approach 


TtK  evaluation  used  a  dua)  approach,  involving  laboratory  and  misaion  acenano  testing,  to 
quantify  the  performance  ofCB  ensembles.  Tbe  testing  incorporated  aspects  of  standardized  test 
methods  and  knowledge  from  prior  ergonomics  evaluations'  to  property  customize  the  test 
protocol  This  chapter  provides  critical  details  regarding  the  experimental  design  used  to 
evaluate  the  CB  ensemble  performance,  including  test  subject  description,  CB  ensemble 
configurations,  laboratory  test  procedures,  and  mission  scenario  test  procedures  These  test 
method  details  are  described  in  Sections  2.4.1  and  2.4.2. 

Laboratory  tests  included  donning,  doffing,  gross  dexterity,  fine  dexterity,  and  gross  body 
mobility.  Three  mission  scenarios  that  LE  personnel  may  need  to  complete  while  weanng  a  CB 
system  were  replicated'  perimeter  control,  tactical  operations,  and  crime  scene  investigation 


2.1  Test  Subjects 

Two  groups  of  four  individuals  participated  in  the  evaluation.  The  first  group  of  four  consisted 
of  enlisted  Soldiers  from  the  NSRDEC's  Human  Research  Volunteer  (HRV)  Program.  The 
HRV  group  had  neither  prior  formal  training  nor  experience  using  the  CB  PPE  ensembles  and 
respirators  of  the  types  evaluated.  This  '‘inexperienced”  group  was  included  in  this  evaluation 
along  with  an  '‘experienced”  group  for  the  following  reasons: 

•  Certification  organizations  will  potentially  use  individuals  who  are  inexpenenced  with 
CB  PPE  systems  for  testing  and  cemfication 

•  Subjects  inexperienced  in  the  use  of  these  CB  PPE  ensembles  can  help  to  detect  possible 
inadvertent  bias,  either  for  or  against  a  particular  ensemble  tested  by  experienced  users. 

•  Although  "better"  data  may  be  generated  from  an  "experienced”  user  group,  data  needed 
for  the  standard  must  incorporate  a  broad  range  of  user  experience. 

The  second  group  of  test  subjects  was  from  the  Massachusens  State  Police  (MSPl  Special 
Tactical  Operations  (STOP)  Team.  These  subjects  are  "experienced"  in  that  they  are  familiar 
with  the  type  of  equipment  used  in  conjunction  with  die  CB  ensembles  and  the  type  of  tasks 
associated  with  LE  CB  mission  roles.  The  MSP  STOP  Team  members  also  have  extensive 
training  and  familianiy  with  CB  PPE  ensembles  and  respirators 

For  data  reporting  purposes  herein,  the  two  groups  are  referred  to  as  the  HRV  group  and  the 
Trooper  group,  respectively  Each  group  performed  the  tests  separately.  The  data  were  collected 
and  analyzed  for  each  group  allowing  for  comparison  between  test  groups  The  overall  data  set 
will  be  used  to  recommend  sysiem-based  performance  levels 

2.2  CB  Suits 

Three  different  CB  protective  suits  were  used  for  this  evaluation.  The  design,  construction,  and 
materials  of  each  suit  were  different  These  suit  design  differences  are  important  because  they 


'  Heruimy,  E.  R  and  Zielioski  M  R.  Results  of  BcDchmaiking  Er^nomcs  Evaluetion  of  Explosive  Ordnance 
Oisfioaal  (EOD)  Suns  tor  EOO  PPE  Siandard  Program  Final  Report— NAT1CK/TR-06/0 14  US  Amy  Resesrcb, 
Develofunem.  and  Engiueeriug Command.  Natick  SoldierCeoter  June 2006 
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cun  uniquely  impact  bunun  factors  perfornunce  Each  suit  is  duBcnbed  briefly  in  the  following 
three  sub^ectiona. 

2J.I  Suit  A  -  loipcnaeobk' 

Suit  A  (shown  in  Figure  I)  was  an  impenneable,  ooe-ptece  coverall  with  attached  hood  and 
booties.  It  was  conipnsed  of  a  bonier  membrese  buninaie<l  to  as  uiner  surface  of  a 
polypropylene  substrate  The  suu  has  a  front  zipper  closure  protected  by  an  adhesive  maierul 
fbp.  There  are  elastic  closures  at  the  wnsis  and  mask  interfaces  Suit  A's  integral  booties  were 
tncumpaiible  with  the  subjects'  combat  boots,  and  were  therefore  removed  from  the  suit  prior  to 
testing,  It  IS  possible  that  their  removal  may  have  affected  the  ensemble's  perlormoncc  or  test 
subjects'  perceptions  In  cenam  areas.  The  configuration,  without  booties,  remained  comufleni 
throughout  the  lesting  lo  reduce  variability. 


Pl£urr  I.  IntprrraraDle  CB  PPE  tSelt  A> 

2JJ  Suit  B  •  Selectively  rermcahle  Meotbraoe(SrM) 

Suit  B  (shown  in  Figure  2)  was  a  one-piece  sun  mode  Irom  a  selectively  permeable  membrane 
(SPM)  material  with  a  detached  impermeable  hood.  The  suu  has  a  from  zipper  closure, 
protected  by  an  SPM  flap  secured  with  hook  and  loop.  The  wnsi  and  ankle  closures  are  similor 
in  design  to  an  inner  and  outer  closure.  This  closure  system  provides  a  layered  seal  (e.g.,  inner 
glove,  inner  sleeve  closure,  outer  glove,  and  outer  sleeve  closure)  Wat  creates  a  toiTuoiii  path  to 
restrict  possible  uiiruiion  of  CB  agents.  TTie  detached  hood  also  is  a  two  layer  system  with  an 
inner  and  outer  sidii.  Tbe  looer  skirt  is  secured  inside  tbe  CB  suit  white  the  outer  skin  remains 
outside  the  suit.  This  system  is  a  variant  of  the  All  Purpose  •  Personal  Protective  Ensemble  suit, 
currently  used  by  the  U.S.  Special  Forces. 


Fifiurr  2 :  ItPM  CB  PPE  (SuH  B  l 
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2JJ  .Suit  C  •  Air  Tcrmcabk 

Suit  C  (ihowD  Figure  3)  wa&  a  iwo-piece  system  reade  from  aa  air  penneeble,  carbou-based 
protective  technology  The  suit  includes  both  a  coal  and  trousers  The  coat  has  an  aiiacbed 
hood,  which  is  secured  around  the  mask  using  a  puU  siring  system.  The  front  zipper  closure  is 
protected  by  a  carbon-based  maienal  fbp  secured  with  hook  and  loop.  The  coat  has  sizing 
adjustments  at  the  waist.  Wnst  closures  are  also  tightened  using  a  hook  and  loop  closure.  The 
trousers  are  designed  similar  to  bib  overalls  with  sizing  adjusimenis  on  each  «Aou1der  strap 
They  also  have  a  pull  string  closure  at  the  ankles.  Though  us  design  is  similar  to  the  mltiiary's 
Joint  Service  Lightweight  Integrated  Suit  Technology  (JSLIST)  garment  u  m  lighter  in  weigbt 


FlBiru  3,  Air  Pvraiealilr  CB  PPE  iSull  C) 


23  Other  CB  llquipmcnt 

The  evaluation  aucssed  the  performance  of  the  enure  CB  protective  system.  Therefore  each 
system  also  included  respiratory  proleciion,  gloves,  and  overboots  These  items  are  descnbi.*d  m 
the  following  subsections. 

2J.I  CB  Respiratory  Prniccllon 

A  3M''^  FR-M40  air  purifying  respirator  (APR)  mask,  which  is  similar  to  the  miliiary  M40 
mask,  was  used  for  all  of  the  evaluation  tasks.  A  ScoTidl  self-contained  breathing  apparatus 
(SCBA)  was  also  used.  However,  due  to  luniUttion.«  in  Use  human  use  protocol  and  refilling 
requirements  for  the  air  supply  tanks,  the  SCBA  was  only  used  for  Use  timed  donning  and 
dofTing  procedures.  Both  respirator  types  are  iippruved  by  the  National  Insiitute  for 
Occupational  Safety  and  Health  (NIOSH)  and  are  comcnenrially  available. 

2JJ  Glovn 

Two  difTerent  glove  systems  were  used  during  the  evaluation.  Selection  was  based  on  the  CB 
garment  manufacturers'  recommendations  forCB  ensemble  component  conriguraiion  Standard 
14  mil*  butyl  rubber  gloves  were  worn  with  Suits  A  and  C.  Sun  B  used  a  two-piece  glove 
system  consisting  of  chemical  protective  liners  worn  under  a  Canadian  flyer's  over-glove.  All 
glove  types  are  commercially  available. 


*  larcK  10  lluckdc&c  of  Uk  gUivc  nurcruJ  1 1  nul  =  0  00 1  ink 
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2JJ  Overboots 

Two  ditlereni  iyp«s  of  overboois  were  used  dunng  the  evaluaftoo.  Selection  was  based  on  ihe 
CB  i^armeni  nuinijtacTijrefs'  recommendations  tor  CB  ensemble  com^vonent  configuraiion 
Standard  buiyl  overboots  were  worn  with  Suns  A  and  C.  This  overboot  was  secured  using  a 
series  of  three  butyl  rubber  closures  located  on  the  front  of  ihe  boot  A  lighter  weight, 
impermeable  membrane  overboot  was  worn  with  Suit  B  This  overbooi  was  secured  using  a  pull 
string  closure  at  the  top  of  the  boot  and  two  additional  hook  and  loop  closures,  one  at  the  ankle 
and  the  other  at  the  heel.  Both  types  of  overboots  are  conunercialty  available. 

2J.4  Test  Ensemble  Summary 

The  test  ensembles  tor  the  evaluation  were  configured  as  follows: 

•  Ens^4fmble  A  -  consisted  of  Suit  A.  APR,  standard  butyl  gloves,  and  butyl  overboots.  (Suit 
A's  integral  booties  were  removed  prior  to  the  evaluation.) 

•  Ensemble  B  •  consisted  of  Suit  B,  APR,  two-piece  glove  system,  and  lightweight 
impermeable  overboots 

•  Ensemble  C-  consisted  of  Sun  C,  APR,  standard  butyl  gloves,  and  butyl  overboots. 

•  The  Duly  L'nif/vm  -  was  the  baseline  condition  for  testing.  The  I IRV  group  wore  their 
Army  Combat  Uniforms  (ACUs).  The  Trooper  group  wore  a  Battle  Dress  Uniform 
(BDU)  and  combat  boots.  The  duty  uniform  trousers  and  boots  were  worn  under  each 
CB  suit  ensemble.' 


2.4  Test  Procedure 

Although  the  evaluations  of  the  HRV  and  Trooper  groups  were  conducted  separately,  each  group 
performed  the  same  activities  in  the  same  locations.  Prior  to  testing,  demographic  information 
was  collected^,  and  the  subjects  were  fined  for  alt  suits,  boots,  gloves,  and  respirators.  Sizing 
information  was  recorded.  Test  subjects  familianzed  themselves  with  the  ei^uipment  before  the 
evaluation  took  place  by  donning  and  dofling  all  of  the  equipment  in  the  proper  size 

The  subjects  then  began  the  two-part  procedure,  which  consisted  of  laboratory-based  tasks  and 
the  three  mission-based  scenarios.  Subjects  performed  all  tests  in  each  of  the  three  ensemble 
configurations  and  m  their  duty  uniform  atone.  The  order  of  configurations  worn  in  a  particular 
trial  was  randomly  assigned  prior  to  the  start  of  testing.  Each  unifomvensemble  configuration 
was  presented  first,  second,  third,  or  fourth  an  equal  number  of  times  to  the  two  groups.  This 
was  done  to  minimize,  as  much  as  possible,  any  fatigue  or  practice  effects  that  could  occur. 


'  SoriK  prrfonnarKC  differences  mey  Itave  bem  due  to  tbr  difierem  design,  nwenale,  and  hi  of  live  ACU  compared 
to  tiK  BDU  However,  all  perfonoance  changer  for  a  suh^ect  m  a  particular  ensemble  an  expressed  as  a  pneentagr 
rdauvr  to  that  suh^cct  In  other  words.  iDe  overall  benefit  or  disa^aniagc  of  wearing  the  duty  uniform  by  itself  is 
siiU  captured  for  all  three  CB  ensemble 

‘  Tbis  hcliided  age,  npenenee,  time  in  uern,  miliiary  occupaiiooal  specially  (MOS)  for  military  subjects,  and  CB 
agULpmem  experience 
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2.4.1  Ptrt  1— Lftborft(or>  TMilDg 

TtK  subjects  compleicd  the  tasks  describeil  in  the  following  subsections  for  each  test  ensemble 
configuration. 

2.4.1.}.  i>ofln/n^  arid 

Tbe  subjects  began  iriais  wearing  their  duty  uniforms,  and  the  ome  lo  don  all  components  within 
the  test  ensemble  was  recorded.  Any  components  requiring  removal  and  re-donning  in  the 
course  of  donning  an  ensemble  were  also  identified  le.g.,  non-atiached  hoods  and  gloves)  Once 
they  completed  those  trials,  the  subjects  doffed  the  entire  ensemble,  and  the  time  was  recorded 
Each  test  was  conducted  twice,  first  using  the  SCBA  and  then  using  the  APR.  All  donnmg  and 
doffing  was  unassisted,  and  the  test  sublets  were  asked  lo  subjectively  rate  the  ease  or  difficulty 
of  these  tasks  for  each  ensemble.  Test  metrics  included  time  lo  complete  donning  and  doffing 
and  the  ease  or  difficulty  of  these  tasks 

2.4.1.2  Gross  DexlerJly  (Hand  Manipulothn) 

The  Minnesota  Manual  Dexterity  Test  is  a  standardized  test  used  in  many  occupational  and 
vocaiiona)  environments  for  measuring  gross  finger  and  whole-hand  dexterity.  For  this 
evaluation,  the  test  was  modified  to  use  26  of  the  60  toial^  disks.  During  this  test,  the  sublets 
picked  up  and  turned  over  a  senes  of  wooden  disks  with  their  dominant  hand  and  replaced  the 
disks  on  the  other  end  of  the  board  with  their  non-dominani  hand.  The  board  was  placed  on  a 
table,  while  the  test  subject  sai  near  the  board  to  comfortably  manipulate  the  disks. 

The  subjects  performed  this  dexterity  test  twice  in  each  test  ensemble,  with  a  short  break 
between  the  first  and  second  trials.  Prior  to  testing,  the  subject  had  a  lO-minute  practice  session 
in  the  duty  uniform  alone  This  reduced  any  improvement  in  time  lo  complete  the  task  due 
simply  to  a  practice  effect.  Each  subject's  final  time  for  comparison  was  the  arithmetic  mean  of 
the  two  iim^  trials 

2.4. }. 3  Fine  Dexttrity 

The  O’Connor  Fine  Finger  Dexterity  Test  is  a  standardized  test  for  measuring  fine  finger 
dexterity.  Each  subject  picked  up  and  placed  3  pins  in  each  of  20  holes  in  a  pegboard,  using 
onty  the  preferred  (dominant)  hand. 

The  subjects  performed  this  dexterity  test  twice  in  each  test  ensemble,  with  a  short  break 
between  the  first  and  second  trials  Prior  to  testing,  each  subject  had  a  practice  session  in  the 
duty  uniform  alone.  This  reduced  any  improvement  m  time  to  complete  tlU  task  due  simply  to  a 
practice  effect  Each  subject’s  final  time  for  comparison  was  the  arithmetic  mean  of  the  two 
timed  trials. 

2.4. }. 4  Gras<  Body  MobiUty 

Most  of  the  gross  body  mobility  data  svere  generated  using  a  goniometer,  which  quantifies  range 
of  motion  by  measuring  the  angular  dispbcement  of  a  body  joint  such  as  an  elbow,  shoulder,  or 


'  Hu:  board  hai  15  rowsofa  diski;  iIk  modified  verfton  uses  7  rows 
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knee.  (Fill)  Jeuils  on  executing  We&e  tests  are  ptesenied  in  other  references.^  The  iicsks  require 
knowledge  of  the  anthropometry  of  ibe  busun  body  for  proper  execution.) 

Pnor  to  ibe  stan  of  the  walking  tests,  a  measurenieni  tape  was  a/fixed  to  the  floor  to  record  the 
distance  traveled  For  each  task,  the  subjects  were  asked  to  stretch  and  were  instructed  about  ibe 
movement  they  had  to  perform.  They  thee  performed  tbe  movement.  Subsequently,  their 
movement  displacements,  angular  or  linear  when  appropriate,  were  recorded.  The  tbllowmg 
gross  mobility  tasks  were  performed: 

•  WaJk  Forward  Five  Sle|>s:  The  subject  takes  five  steps  forward,  each  step  as  far 
forward  as  possible.  Tbe  distance  traveled  i»  measured  and  recorded  from  the  beel  of  the 
foot  when  starling  to  the  beel  of  the  foot  taking  tbe  fifth  step. 

•  Walk  Backward  Five  Steps:  Tbe  subject  lakes  five  steps  backward,  each  step  os  far 
backw  ard  as  possible  Tbe  distance  traveled  is  measured  and  recorded  from  the  toe  of  tbe 
foot  when  starting  to  the  toe  of  tbe  fool  taking  the  Qfth  step 

•  Side  Step  Five  Steps:  The  subject  takes  five  steps  sideways,  each  step  as  far  sideways  os 
possible.  The  distance  traveled  is  measured  from  the  outside  of  the  foot  when  starting  to 
the  outside  ol'the  foot  completing  the  Fifth  step. 

•  k'pper  Arm  Abduction:  The  subject  raises  an  arm  sideways  and  upward  as  far  os 
possible.  A  goniometer  measures  tbe  angle  of  abduction. 

•  k'pper  Arm  Forward  Cslcuslon:  Tbe  subject  raises  an  arm  as  far  forward  and  upward 
os  possible  A  goiuometer  measures  the  angle  of  forward  extensioo. 

•  k'ppcr  Arm  Backward  Eiicnsloo:  The  subject  raivev  an  arm  as  far  backward  and 
upward  as  possible,  with  the  palm  facing  away  from  the  body  Tbe  subject  stands  at  a 
comer  to  prevesi  bonding  at  the  waist,  which  wil)  aruficiaDy  increase  the  angle.  Tbe 
goniometer  measures  tbe  angle  of  backward  exieusiou. 

•  k'pper  Leg  Forward  Exteoslou:  The  subject  raises  a  leg  as  far  forward  and  upward  os 
possible  while  holding  the  back  of  a  ebair  for  support  A  goniometer  measure's  the  angle 
of  forward  extension 

•  L'pper  Leg  Backward  Extension:  The  subject  moves  a  leg  as  far  backward  and  upward 
os  possible  while  standing  against  a  wall  for  support.  Tbe  goniometer  measures  the  angle 
ofbackward  extension. 


*  lohnsofl.  R  F ,  EfTecis  of  explosive  ordnance  dupoeat  (EOD)  annot  on  Use  grow  body  mebiliry,  peydMnolor 
perfomasce.  rpeedi  tmeUigibiLJcy,  and  vUiia)  field  of  loer  and  wotnee.  Final  Report  •  KATlOCTlt-S  1  /O)  I ,  US. 
Amy  Natiek  Soldier  Rcacarek,  Ucvelopfoem  and  Engevcseig  Ccnler  tbSl, 

Audmpuoucry  i«  die  study  oflmmaa  body  aieasuKtucDis  lo  a&sia  in  iindernaiMliA£  buoun  pUyaicaJ  viiriAiJiia. 

Win  oi^uiu'ini.s  i.\»uviid  alu»at\  2  ainhn»jn»if>  liim  [ciwd  Sepc  200S  ) 
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•  L'pp^*'  Flexion:  The  subject  raises  an  upper  leg  as  far  upward  as  possible,  allowing 
the  knee  lo  bend  freely  while  grasping  a  support  (the  back  of  a  chair)  and  raising  ihe  leg. 
The  goniometer  measures  the  angle  of  flexion. 

•  .Siooding  Trunk  Flexion:  The  subjects  attempt  lo  touch  the  floor  at  a  point  just  in  from 
of  their  feet  while  standing  with  their  feet  a  shoulder  width  apart.  The  sublets  keep  their 
knees  locked  and  bend  only  their  trunk  The  distance  between  the  tingenips  and  the  floor 
is  measured  in  centimeters. 

•  Kneel  aod  Rise:  The  subjects  are  rated  on  their  ability  to  nse  from  a  kneeling  posiiioru 
either  with  or  without  assistance  They  begin  tn  a  standing  position,  get  down  on  both 
knees,  and  stand  up  again.  The  rating  scale  is:  0  *  cannot  get  down  on  both  knees,  1  > 
cannot  nse  from  kneeling  position  without  help  from  an  experimenter,  2  *•  can  nse  from 
kneeling  position  but  needs  to  grasp  an  object,  and  3  *’  can  nse  from  kneeling  position 
without  any  help  at  all. 

Each  mobility  task  except  kneel  and  nse  was  conducted  three  times  in  immediate  succession  for 
each  test  ensemble.  The  test  score  is  the  arithmetic  mean  of  the  three  trials  Kneel  and  rise  is  a 
pa.ss/^il  task,  and  was  run  only  once  for  each  ensemble. 

2.4.2  Part  II— Mission  Scenarios 

Three  different  mission  scenanos  were  developed  that  simulated  distinct  CB  response  mission 
roles:  perimeter  control,  tactical  operations,  and  crime  scene  investigation.  These  roles  are 
discussed  m  the  LEAP  Program's  “CB  Gms  Anal^is"  report^  The  mission  scenanos  were 
based  on  analyses  of  user  focus  groups,  existmg  consensus  and  military  performance 
standards,  ASTM  and  InterAgency  Board  (lAB)  documentation,  intelligence  information,  health 
hazard  assessments,  sublet  matter  expert  interviews,  and  relevant  literature  that  outlines 
deticiencies  in  PPE  for  the  LE  community.  During  actual  operations,  some  of  ihe  mission  role 
tasks  are  usually  conducted  by  teams.  For  example,  tasks  in  the  tactical  scenario  are  oflen 
conducted  by  two  to  four  officers  However,  tor  this  evaluation,  every  task  was  designed  to  be 
pertbrmed  by  a  single  subject  This  was  to  ensure  that  issues  arising  for  test  subjects  were 
accurately  noted  and  tasks  were  timed  properly.  It  also  simplified  data  collection.  However,  in  all 
cases,  the  tasks  pertbrmed  were  typical  of  those  required  during  the  scenario's  mission 


‘  Casiell£Di.  S.,  KanegaLi,  G  .  sod  Rodn^n,  A  Gofls  Aeafy^u  CktmKaibiolosfnsl  Enumhle^  for 

ihe  Er^forermenl  Ad'MMed  ProtocOon  (LEAP)  Pmgnm  •  Final  Repon  •  NATICKTR-OOAt24L  US  Army 
Natick  Soldier  Reeearcb,  OevelofMtiem  and  Eti^neenng  Ceoter,  National  Protemoo  Ceoter  (NPC),  tor  Deparonam 
of  Homeland  Secunry  Office  of  Science  and  Techoology  Standards  and  National  Instnute  of  Standank  and 
Teehnology^Office  of  Law  Enfoteemem  Siaodards  September  2000 

’  OiCliiara.  A  .  Addoniaio,  U  Ijiw  Eefoir^ent  Advwtced  Proieniii  {LEAF\  Retulrene»i^  Focu.i  Growl 
FinaJ  Rcfion  •  NATICK/m-O7/02 1 .  Sepiembef  2007 

“Requirements  Assessment  •  Personal  Protective  E^ipmeni  fPPE)  for  Enforcemeni  in  Chemical,  Biological, 
Radiological  and  Nuclear  (CBRN)  Environmeots  “  CTC  Inc  September  2006 

"  Creighton  T.E  II  Bradley  Hibbard.  B,  Dohsety,  S  .  and  MeUaniis.  K  Awe  Poba  SpectaJ 

Tacticai  Opemioei  Team  User  Focus  Ciroup  *  Law  Enfonemeai  idvaxed  ProiecttDn  (LEAF)  Duly  Votf^nns, 
Integraied  Head  ProSerUDn.  ChentcaUdtahiJcal  Froiecsjor  aitd  Human  S)siem  Inlegi-aiJon.  CTC,  Inc ,  May  200S 
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TtK  peritnecer  control  and  crime  scene  mve^iigaiion  scenarios  were  limed  based  on  completian 
of  ell  tesks  wnhoui  further  subdivision  The  scenario  for  laciical  operations  was  decomposed 
into  eight  discrete  subiasks.  Each  subtesk  wes  timed  individually,  and  a  total  time  was  generated 
for  each  scenario.  Test  metrics  were  the  time  to  complete  the  entire  scenario  and'or  task  as 
applicable.  In  addition,  evaluators  recorded  any  problems  or  difficulties  completing  tasks  After 
ftnishing  each  scenario,  the  test  subjects  completed  a  brief  questionnaire  regarding  iheir 
evpenences. 

The  four  ensemble  configurations  previously  identified  were  used  to  assess  performance  m  each 
of  the  three  mission  scenarios.  Each  scenario  also  used  a  variety  of  mission-specific  items  worn 
or  earned  by  the  test  sublets  These  items  differed  by  scenario  and  were  representative  of 
equipment  commonly  used  by  LE  personnel,  e.g.,  weapons,  handcuffs,  ASP,  gas  mask,  etc 

Before  the  actual  timed  trial,  subjects  were  familiarized  with  the  scenario  and  performed  a  dry 
nin.  This  ensured  that  all  questions  could  be  answered  prior  to  the  actual  testing,  and  it  reduced 
the  likelihood  that  the  learning  process  would  affect  the  end  results.  Although  the  subjects  were 
verbally  coached'*  during  the  scenarios  if  necessary,  they  were  not  assisted  in  any  other  way 
during  the  trial. 

2.4.2. 1  Perimeter  Control  Sveuario 

This  scenario  was  based  on  tasks  an  ofllcer  may  be  required  to  complete  while  performing 
perimeter  conucil  duties.  The  perimeter  control  officer  is  responsible  for  reducing  overall 
“impact  and  consequences  of  an  incident  or  major  event  by  securing  the  aftected  area,  including 
crime/incideni  scene  preservation  issues  as  appropriate,  safely  diverting  the  public  from  hazards, 
providing  security  support  to  other  response  operations  and  properties,  and  sustaining  operations 
ftom  response  throu^  recovery."'^  Penmeier  conucil  officers  are  typically  charged  with 
containing  ihe  situation  at  the  cold/warm  and  warm/hot  zone  lines  to  ensure  that  the  incident 
scene  is  secured  and  access  is  controlled.  In  addition,  the  perimeter  conuci)  officer  provides 
security  support  for  other  response  operations.  This  officer  also  disseminates  emergency 
information  to  the  public,  mitigates  any  further  risks  to  the  public,  and  addresses  any  issues 
concerning  preservation  of  the  cnme/incideni  scene. A  scenario  was  developed  which  captured 
the  primary  tasks  required  during  perimeter  control  operations 

Each  subject  wore  the  test  ensemble  with  concealable  body  armor  under  the  BDU/ACU  coat 
The  subject  also  wore  a  duty  belt  with  a  9  mm  mock  weapon  and  holster,  a  radio  (without 
speakermicrophone),  a  flashlight,  and  a  magazine  pouch.  If  the  test  ensemble  had  pockets,  the 
subject  stowed  a  pen  and  a  folded  piece  of  paper  (B  x  11  in)  in  the  pocket  of  the  subject's 
choice.  A  roll  of  caution  tape  and  a  first  aid  kit  were  also  stored  at  the  staging  area,  which  was 
the  scenario  siarUend  point.  These  items  were  placed  on  the  ground  adjacent  to  the  start  maA. 

A  verbal  reminder,  if  tircnaary,  was  issued  qiiKUy  at  a  point  wbnc  elapsed  otne  for  ibr  last  svas  not  aftected  If 
for  afiy  leason  tiK  elapsed  nine  was  affected,  the  nine  was  dlsca^kd  and  the  lask  svas  re*iun 

"  'target  Capabiliues  List  A  Companion  to  iDr  Naiional  Preparethess  rioaL"  U.B.  Deparonem  of  Homeland 
Srcuniy'’(Aii£USl20CK>)'  pa^UI 
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After  donning  the  lest  ensemble  nnJ  mission  speoiftc  c^uiptneci,  the  subject  proceeded  to  tbe 
suutuig  point  This  scenano,  depicted  ui  Figure  4,  was  conducted  outdoors  using  three  la^  trees 
os  anchor  points  for  the  cauuoo  tape. 


N’lcom 


Figure  4:  GrapUcHl  Rrpr««CAleilM  of  iBr  Perlaeier  Coairol  ScrsarUi 

The  three  trc-e*!  used  in  this  scennno  were  m  an  "L"  canftguntion.  Tbe  first  and  second  tre-es 
were  20  ft  apart  in  a  line  parallel  to  the  blacktop,  which  stretched  front  the  staging  area  to  tbe 
farthest  post,  70  ft  away.  The  third  tree  was  20  ft  from  tbe  second  tree  and  formed  a  line 
perpendicular  to  the  blacktop.  The  test  site  could  be  modified  by  the  testing  organization  to 
accommodate  the  area  available;  however,  all  tasks  must  be  included.  In  addition,  approximately 
the  same  layout  and  total  distances  should  be  used  for  all  baseline  and  performance  testing.  The 
intent  ol*  this  ergonomics  teviing  is  to  have  consistent  data  between  suit  condition  tests  to 
measure  performance  changes. 

This  scenano  consisted  of  the  following  tasks  and  instructions; 

•  Receive  “siart"  signal. 

•  Pick  up  tbe  caution  tape  on  tbe  ground  at  the  staguig  area. 

•  From  tbe  staging  area,  run  70  ft  down  the  blacktop  to  the  first  tree  to  be  secured 

•  Secure  the  caution  tape  around  tbe  first  tree,  and  roll  out  ai  least  2S  ft  of  tape  to  secure  tbe 
other  end  around  the  second  tree,  with  tbe  tape  approximately  4  ft  off  the  ground.  Rip  off 
the  end  of  tape,  and  bold  onto  the  tape  roll 

•  Note  a  "shift  in  wind,"  and  run  back  SO  ft  to  the  staging  area. 

•  Run  to  the  third  tree,  and  mark  off  another  perimeter.  Use  at  least  20  ft  of  caution  tape  to 
connect  the  second  and  third  trees.  Rip  off  the  end  of  the  tape,  and  hold  onto  the  tape 
roll. 

•  Return  to  the  starting  point.  Drop  the  tape  roll  Retneve  the  radio  from  your  belL  Use 
the  radio  to  cal)  tbe  command  cenier,  stating  ibai  tbe  penmeier  is  secure.  Re-stow  tbe 
radio. 

•  Retrieve  the  paper  and  pen  from  your  pocket  Draw  a  rough  skctch/map  of  the  scene 

•  Re-stow  tbe  pen  and  paper. 

•  Wolk  (^mckly  back  toward  tbe  second  nm  of  caution  tape .  In  domg  so,  step  over  a  (27-in- 
high)  guardrail  located  27.5  ft  from  starring  point,  turn  around  and  cniwl  under  the 
guardrail,  and  then  head  to  the  run  of  tape. 

•  Duck  under  the  caution  tape,  and  walk  5  ft  beyond  (he  tope  to  the  '‘victim’'.  Identify 
yourself  to  (he  victim  standing  in  the  secure  area.  A.sk  the  victim  if  he  is  injured.  The 
victim  will  respond  that  he  has  hcen  ^t  in  (he  upper  arm.  Escort  him  from  the 
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cordoned-ofT  area.  (The  “victim"  is  a  member  of  the  evaliiaiton  leatn,  and  noc  a  leei 
pamcipani.) 

•  Once  in  the  “«ote  area"  (ai  (he  starting  point),  retrieve  a  bandage  from  the  tot  aid  kii 
Wrap  (he  victim’s  upper  arm  with  the  bandage. 

•  Stand  up,  and  (um  around  toward  (he  secured  area 

•  Draw  the  flashlight  and  weapon,  turn  the  flashlight  on,  and  pan  the  weapon  and  light 
across  the  area  beyond  the  caudon  (ape  for  10  s.  Stow  the  flashlight,  and  hold  the 
weapon  at  your  side. 

•  Run  approximately  70  ft  (o  the  far  end  ofthe  caution  tape. 

•  Upon  arrival  in  the  area,  re-deploy  your  weapon,  aim,  speak  appropriate  commands,  and 
simulate  firing  two  shots  Remove  the  magazine  ftom  (he  weapon,  stow  it,  remove  the 
new  magazine  from  the  belt,  and  insert  the  new  magazine  into  your  weapon.  Re-holster 
the  weapon. 

•  Oo  back  to  the  staging  area 

•  The  timer  is  stopped  upon  arrival  at  the  staging  area. 

The  total  time  required  to  complete  the  scenario  and  any  difliculties  completing  the  tasks  were 
recorded 

2.4.2.2  Taiih-el  (^erelhns Sveuerh 

This  scenario  was  based  on  tasks  an  officer  may  be  required  (o  complete  during  a  tactical 
operatKin.  Tactical  operations  cover  a  wide  range  of  tasks  including  typical  special  weapons  and 
tactics  (SWAT)  operatKins  necessary  to  neutralize  situatKins,  eg.  alleviating  threats, 
apprehending  suspects,  searching,  and  seizing.  Taciica)  operations  also  include  evacuations, 
rescue  operations,  and  threat  mitigation  activities.  It  may  be  necessary  to  remove  aftecied 
victims  and  ensure  that  “affected  and  ai-nsk  populations... are  safely  sheltered-in-place  and' or 
evacuated  to  safe  refuge  areas.'”'  A  scenario  was  developed  which  captures  the  primary  tasks 
required  during  laciica)  operations. 

Each  subject  wore  the  randomized  test  ensemble  with  a  laciica)  body  armor/load  carriage  vest 
and  the  /Uvanced  Combat  Helmet  (ACH).  'The  vest  is  commercially  available  and  is  used  by 
many  police  agencies  for  tactical  operations.  Standard  handcuffs,  a  radio,  and  extra  magazines 
were  all  mounted  on  the  vest.  A  9  mm  handgun  was  mounted  in  a  drop-down  leg  holster.  The 
subject  also  carried  a  mock  M4  rifle  with  a  sling  strap.  An  evaluation  team  member  served  as 
the  “arrestee  "  A  1 20-lb  dummy  wearing  a  load-beanng  vest  with  an  extraction  strap  served  as 
the  “ofRcer  down." 

After  donning  the  relevant  equipment,  the  subject  proceeded  to  the  starring  point  The  subject 
began  by  holding  the  M4  at  the  ready  position  with  the  handgun  bolstered. 

This  scenario,  depicted  in  Figure  S,  was  conducted  indoors,  in  and  around  the  NSRDEC  Center 
for  Biomechanics  Research  laboratory. 
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Pl£urc  $:  GraphJcal  Rcprn«Ais(H>a  of  (be  TaciKal  Scaaano 


The  lest  siie  included  a  stairwell,  adjoceol  hallway,  iwo  separate  rooms,  an  approucnately  60  fl 
open  area,  and  a  4S-ft-iail  wall.  The  test  site  could  be  reodiGed  by  ibe  testing  organizatiao  to 
accommodate  the  area  available;  however,  all  tasks  must  be  included,  (n  addition,  approximately 
the  same  layout  and  total  distances  sbould  be  used  for  all  baseline  and  performance  testing.  The 
uuent  of  this  ergonomics  testing  is  to  have  consistent  data  between  tests  to  measure  performance 
changes. 

This  scenario  consisted  of  the  foliowiog  tasks  and  initructions  and  tune  points  noted; 

•  Climb  13  stairs  to  the  londiog/stagiog  area;  await  the  '‘go’'  signal. 

•  On  the  "go”  signal,  descend  13  stairs  to  the  boru»n  of  ibe  staircase.  Turn  right;  proceed9 
ft  bock  from  the  foot  of  the  stairs  to  inspect'clear  the  area  under  the  stairs.  Rerum  to  tbe 
foot  of  tbe  stairs. 

•  Exit  the  stairwell  dour,  turn  right,  and  walk  12  R  down  the  hallway.  Turn  right  into  a 
perpendicular  hallway,  walk  14  Ft  up  the  hallway,  and  clear  the  hallway.  Return  to  the 
Grst  hallway. 

•  Turn  righL  and  walk  4  ft  to  the  doors.  Pass  through  the  doors.  Find  the  armed  suipccL 
12  ft  beyond  the  doorway. 

•  Order  the  suspect  to  drop  bis  weapon,  and  go  prone  (suspect  obeys  and  doe«  not  resist). 
(Tune  1) 

•  Drop  tbe  shoulder  weapon  (caught  by  sling),  aod  draw  the  sidearm.  Change  tbe 
inagaTiue  in  tbe  handgun.  Train  the  sidearm  on  the  suspecL  (Time  2) 

•  Sland  next  to  tbe  suspect.  Holster  tbe  weapon.  llandcutVlhe  suspect  to  restrain  his  arms 
behind  his  bock.  Ask  appropriate  questions  of  the  suspect,  who  answers  them  (Time  3) 

•  Frisk  the  suspect  to  ensure  he  IS  not  armed  Stand  the  suspect  up.  (Time  4) 

•  Radio  to  the  other  team  members  outside  that  one  suspect  l«  in  custody  and  that  the  team 
member  will  be  exiting  the  door  with  that  su.4peci  (Time  5) 

•  Escort  the  suspect  out  the  door  by  gruspisg  him  by  the  arms  ur  wrists, 

•  Sunulatc  handing  ofVthe  suspect  to  the  team  member  in  tbe  hallway. 
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•  RedepJov  ibe  ihuulJLj’ weapon,  and  dear  the  hoJIway.  (Time6j 

•  Walk  16  ft,  and  enter  the  door  stratghi  ahead.  Clear  die  area 

•  Walk  7  ft  into  the  rooni,  and  ftod  a  downed  officer. 

•  Drag  (be  downed  ofDcer  IS  ft  uiing  the  extraction  sirep  on  (be  ofTicet'&  vest.  (Time  7} 

•  Clear  tbe  ahoulder  weapon  of  malfunction. 

•  Run  64  ft  10  a  4  5-ft-hii;b  wail,  and  acale  (he  wall 

•  The  Trooper  is  Finished  once  bis  feel  hit  the  ground  on  the  opposite  side  of  (he  wall 
(Toial  ume  recorded  and  Time  8  calculated ) 

2.4.2.3  Crime  Scent  lnve\rifiation  Scenario 

This  scenario  was  ba^d  on  tasks  an  oliicer  may  be  required  to  complete  during  a  crime  scene 
investigation  Once  tbe  cnme  scene  is  secured,  a  crime  scene  investigation  unit  may  be  required 
to  process  tbe  scene  and  conduct  morruary  aciivlties  prior  to  bizardous  material  (IIAZMAT) 
clean  up.  Crime  scene  invesugaucn  In  a  contaminated  environment  involves  activities  necessary 
to  provide  key  forensic  evidence  for  ^osecuiorial  purposes,  such  as  processing  and  removing 
evidence  and  any  remains  of  deceased  victims.  A  scenario  was  developed  which  captures  the 
primary  tasks  required  during  crime  scene  invosugatjom;. 

Each  subject  wore  the  randomized  tost  ensemble  and.  prior  to  the  evaJuauon,  was  assisted  in 
donmng  10-15  pairs  of  latex  gloves  {over  the  CB  gloves  if  specified).  Additional  gear  was 
earned  by  the  subject,  including  a  plastic  toolbox  (evidence  collection  kit)  containing  tweezers, 
index  carts,  a  fingerpnnt  brush,  a  roll  of  lifting  lape,  a  ruler,  several  zipper  plastic  bags,  a 
permanent  marker,  and  a  video  camera.  Tbe  subject  also  carried  a  digital  still  camera  around  his 
neck. 


This  scenano.  depicted  m  Figure  6.  was  conducted  mdoors  ui  the  NSRDEC  Center  for 
Biomechanics  Research  luburatory. 


Ptfit 


Figure  6.  Graphical  RcprnrAistboa  of  Crime  (av  Miigaiieo  Setaarb 


The  test  site  included  an  open  area  of  approumaiely  SO  ft  long,  a  table,  and  an  open  room.  (Tbe 
room  was  marked  off  for  the  staging  area,  walkway,  cnme  scene  area,  and  other  features.)  Tbe 
t£si  site  could  be  modiQed  by  the  testing  organization  to  accommodate  (he  area  available; 
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however,  al)  la^  must  be  included.  In  addition,  approxunately  the  same  layout  and  iota) 
distances  should  be  used  for  all  ba5eline  and  performance  testing  The  intent  of  this  ergonomics 
testing  IS  to  have  consistent  data  between  sun  condition  tests  to  measure  performance  changes. 


This  scenario  consisted  of  the  following  tasks  and  instructions; 

•  Proceed  to  the  starling  point,  where  the  evidence  collection  kit  and  camera  are  available, 
and  await  the  “sun”  signal. 

•  Upon  the  “start’'  signal,  pick  up  the  still  camera  and  toolbox.  Walk  S4  f(  to  the  "crime 
scene”.  (The  walkway  is  3  ft,  3  in  wide.1 

•  While  walking  down  the  path,  a  series  of  Xs  are  taped  to  the  floor.'''  These  Xs  represent 
areas  where  you  cannot  step.  Negotiate  the  path  without  stepping  on  any  of  the  Xs  and 
without  stepping  out  of  the  path  lines. 

•  At  the  end  of  the  path,  turn  right,  stop,  open  the  kit,  retrieve  the  video  camera,  and 
simulate  videotaping  the  “crime  scene”.  Stow  the  video  camera,  take  a  still  photo  of  the 
scene,  and  proceed  to  a  table  14  ft  away. 

•  Photograph  a  “fingerprint"  m  a  2-in-square  area  marked  oft  on  the  far  side  of  the  table 

•  Retrieve  the  fingerprint  brush,  simulate  dusting  the  print,  tape  the  print,  pull  the  tape,  and 
place  the  taped  print  onto  an  index  card.  Photograph  the  carded  print,  and  place  the  card 
in  a  plastic  bag.  Mark  the  bag  with  the  date,  and  label  it  “Fingerprint  I”. 

•  Remove  the  outer  latex  glove  layer. 

•  Five  small  pins  (ftom  the  O’Connor  fine  finger  dexteriiy  lesi)  are  on  the  floor  m  various 
locations  around  scene  Approach  the  nearest  item,  place  a  ruler  near  the  item,  and 
photograph  the  item. 

•  Mark  a  plastic  bag  with  information  as  "Item  I ".  Pick  up  the  item  with  a  tweezers,  and 
place  the  item  in  a  bag.  Secure  the  bag.  Place  the  bag  in  the  evidence  kit 

•  Remove  the  outer  latex  glove  layer. 

•  Move  on  to  the  next  nearest  item,  place  a  ruler  near  the  item,  and  photograph  the  item 
Dag,  label,  and  store  the  item  In  the  kii 

•  Remove  the  outer  latex  glove  layer. 

•  Move  on  to  the  next  item,  and  continue  collection,  inventory,  and  glove  removal  unol  all 
remaining  items  (a  total  of  five)  are  processed 

•  Return  to  the  starting  point. 


'*  The  CQAtcrf  of  all  Xi  were  2  ft  span  fronsback  aitd  nde/ude,  and  were  9”  m  from  the  sides  of  ihe  paiti  Tbe 
actual  Xs  were  located  at  the  following  points  id  tlie  path  <L/R  indioaies  to  whicli  side  the  X  was  located)'  9'4'’  R, 
1 1  L,  22’2'’  L.  24  T'  R.  35'  1 0*'  R.  37'  10''  L  «•  L.  46'  R  Ss«  Figure  6 
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3  Subject  Demographics  and  Sizing 


3.1  Di'idographics 

Two  groups  ol  tour  fnalos  pditicipated  lo  this  evaluation.  The  subjects  in  the  first  group  were 
Suidtera  from  the  NSRDECs  IfRV  Program  who  haJ  neither  prior  rormal  training  nor 
experience  Ubing  the  CB  PPE  ensembles  anJ  re&pirators  of  the  types  evaluated.  The  subjects  In 
the  second  group  were  from  the  MSP  STOP  Team  The  MSP  STOP  Team  members  have 
exieniive  training  and  ^miliehty  with  CB  PPE  ensembles  and  respirators. 

Table  1  depicts  basic  demographic  information  collected  from  both  groups. 


Table  l.Tesi  Subject  Demographic  Inform  a  tloii 


Sabjeel 

Somber 

time  in 

Senke/ 
State  Police 

Maf’/Job  Title 

Frevtim*  CB 
Exfieiience 

Dtiminonl 

//anti 

Ckateei/ 

Coniacts 

1 

20 

7 

l9DC,nolr>  SluuI 

Bifsti  Srkurtftu^ 

R.cl" 

n 

f9DC,nulr> 

Basti  Srkdifrttf^ 

Ruthi 

.VfIfTf 

J 

20 

9  mumhsi 

19D  Cowl fy  Scout 

BtLsti  Sruiftt/fg 

ASBC^ 

Riffhl 

None 

4 

SO 

9  mtiffiKs 

I9D  Ca\olry  Seoul 

OSIT 

Rjfjh 

None 

5 

3i 

7  veuf^ 

Smiu  Pnllre  TVwoer 

CB  irabdav 

Rlpkl 

NOM 

6 

J/ 

8  mio 

SkrtePoiJee  Thxtper 

CB  troMot 

Fight 

No^ 

7 

39 

10  veary 

Store  Foike  Troooer 

CB  rrainino 

High 

Norn 

s 

40 

IS  vean 

Store  Foike  Troooer 

CB  rrainine 

CcaiOKtt 

'  hSUS  -  miUia/y  ocmpauonal  9pccialt> 

KBC  -  fluckar,  biolosicaJ.  and  b'haimcaJ 
‘  OSVT«  opDusma  roters  siino£aic  vcbtciemuiUDa 


Subjects  I  ihrouj^  4  were  thim  the  IIRV  group.  Subjects  5  through  S  were  from  the  Trooper 
group.  The  subject  numbers  ore  the  some  in  each  table  throughout  ibis  report  unless  otherwise 
specified. 

The  HRV  group  averaged  6  months  in  the  military  with  a  standard  deviation  (SO)  of  I.IS.  Most 
subjects  had  only  the  nuclear,  biological,  and  chemical  {NBC'j  training  provided  to  recruits  in 
basic  training,  llie  subjects  had  a  mean  age  of  24.5  years  with  an  SD  of  5  26  years  The  HRVs 
were  all  cavalry  scouts,  MOS  I9D,''  though  their  mam  assignment  while  stationed  at  NSRDEC 
was  to  serve  as  test  subjects  for  various  research  projects. 

The  Trooper  group  averaged  10.0  years  of  LE  experience  with  an  SD  of  2  56  years  The 
Troopers  were  older  than  the  HRVs  with  an  avenige  age  of  38.5  years  with  an  SD  of  1 .29  years 
They  receive  regular  training  in  CB  through  exert; uie&  and  al)  of  them  were  familiar  with  CB 
PPE  prior  to  the  evaluation 


^  haB.i'/»ww,at»V  <MW»«*o>3fcaWttW429  [eiWd  Sepumber  20001 
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3.2  Sizing 

Alitwugh  some  bulk  or  slack  wa^  a^ipsreni  in  some  cases  wtih  Suits  B  and  C,  neiihef  was 
excessive.  Bulk  was  less  of  a  [iroblem  lor  Sun  C.  ibe  rwo-piece  suit,  which  allowed  for  fitting  of 
diflereni  sizes  of  jackets  and  trousers.  On  the  other  hand,  Suit  A  tended  lo  be  baggy  on  most  of 
the  subjects,  though  it  Ri  properly  based  on  the  suit  sizing  scheme  In  larger  sizes,  the  Suit  A 
was  much  longer  (taller)  than  the  sublets'  height,  (t*  the  subjects  required  a  larger  size  to  fit 
their  girth,  oRentimes  a  large  amount  of  excess  maierta)  had  to  be  gathered  m  their  upper  torso 
area 

The  fit  of  both  types  of  overboots  did  not  greatly  affect  donning  and  dofRng,  with  one  exception 
One  Trooper's  duty  boots  had  thick  soles  that  wrapped  around  the  boot  heels  Although  that 
Trooper  used  overboots  that  were  sized  properly,  he  often  had  difficulty  donning  and  doffing  the 
butyl  overboots  due  to  faction  against  the  heel  on  his  duty  boots  However,  his  donning  and 
doffing  times  were  not  increased  due  to  the  boots.  'This  was  confirmed  through  subjective 
statements  from  the  test  subject,  observations  of  his  donning  and  doffing  uials,  and  a  statistical 
check  of  his  data 

Ail  other  test  items  tit  the  subjects  without  complications.  Table  2  lists  sizes  of  the  various  test 
Items  worn  by  the  subjects. 


Tabic  2.  Test  (tom  Sizes  Worn  by  Subjects 


Subject 

Number 

.Suit 

A 

Size 

Suit 

B 

size 

KmnH 

HS 

Suit  C 
Bottom 
Size 

Overhool 

Size 

JB2(;U 

Size 

Butyl 

(.love 

Size 

KdiDei 

Size 

Shoe/ 

Bnni 

Size 

1 

M 

L 

L 

M 

L 

M 

M 

■■ 

10 

2 

L 

XL 

XL 

L 

XL 

M 

M 

9 

i 

M 

L 

L 

M 

XL 

M 

M 

11 

4 

n 

XL 

XL 

L 

L 

L 

M 

■■ 

10 

s 

H 

L 

L 

XL 

M 

M 

M 

lOSR 

6 

n 

B 

XL 

L 

XL 

M 

M 

L 

10.5W 

7 

B 

B 

■■ 

M 

XL 

L 

L 

M 

lOR 

K 

B 

B 

■■ 

M 

XL 

M 

M 

L 

9.5W 

Subjccis  M  were  HRVi,  Subjects  $-8  were  Trootjcrs 


16 

UNCLASSIFIED 


4  Ergonomics  Evaluation  Results 

One  objective  was  lo  detemtne  the  [^erfomionce  decremeni  coused  by  wearing  CB  ensembles 
when  completing  common  L£  CB  response  tasks.  This  was  accomplished  by  comparing  the 
results  when  wearing  a  ie«(  ensemble  to  results  when  wearing  only  the  duty  uniform. 

There  were  six  possible  results  for  each  test  (e.g.,  donning,  dotling,  dextenty,  range  of  motion,  or 
mission  scenario): 

•  A  statistical  difference  exists  in  performance  between  test  ensembles;  that  is,  one 
ensemble  performs  statistically  better  or  worse  than  another  ensemble 

•  No  statistical  ditference  exists  in  performance  between  test  ensembles. 

•  A  statistical  difference  exists  in  performance  between  a  test  ensemble  and  the  duty 
unitbrm  atone;  that  is,  the  ensemble  performs  statistically  better  or  worse  than  the  duty 
uniform  alone. 

•  No  statistical  ditference  exists  m  performance  between  a  test  ensemble  and  (he  duty 
uniform  alone. 

•  An  interaction  effect  exists  between  ensemble  type  and  experience  for  the  subject  groups 
(for  p<0.05). 

•  No  interaction  effect  exists  between  ensemble  type  and  experience  for  the  groups  (for 
p>0.05). 

In  order  to  determine  the  statistical  significance  of  die  data  it  was  necessary  to  establish  an 
acceptable  level  of  confidence  The  statistical  relation,  a,  is  set  to  a  certain  percentage  It  is 
common  to  see  this  level  set  at  a  ~  0  OS.  and  a  p-value  of  p  ~  0  OS.  as  was  selected  for  this 
evaluation  When  a  normal  data  distribution  is  assumed,  there  is  a  I  out  of  20  (5%)  probability 
of  obtaining  die  statistical  relation  by  chance.  Throughout  this  evaluation,  p  *00S  was  used  as  a 
guide.  If  p<0  0S.  there  is  a  significant  statisiical  ditlerence  between  die  groups.  Significant 
interaction  effects  at  p<It.0S  for  an  evaluation  task  are  circumstances  where  ensemble  type  and 
experience  together  affect  the  outcome,  while  neither  one  factor  alone  had  an  impact 

Multiple  results  from  the  bulleted  list  above  can  be  observed  for  each  group.  For  example,  die 
following  results  could  be  observed  for  die  upper  arm  abducdon  body  mobility  task; 

•  The  Trooper  group  performed  siatlsdcally  different  for  Ensembles  A  and  C  and  die  duty 
uniform. 

•  Ensemble  B  was  statistically  worse  than  the  duty  uniform. 

•  There  was  no  Interaction  effect  between  ensernble  type  and  experience  for  die  Trooper 
and  I IRV  groups  for  this  specific  task. 

Therefore,  each  test  must  be  analyzed  for  each  of  the  six  possible  outcomes  when  assessing  the 
efficacy  of  ensemble  performance  for  L£  CB  operations 
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Stotl2£lcaj^iiali<l<AB£rMch: 

Pt^penJinj;  on  ihc  d^iio  sec<,  Two  difTereni  siaiisticol  onalysas  were  conducied.  Srudeni'&  paired  (- 
lesis"  were  used  (o  analyze  most  results.  The  paired  t-iesr  is  used  wtven  there  is  one 
measurement  value  and  two  nominal  values.  In  this  case,  performance  inteasuremeni  value)  was 
measured  with  a  lesi  envmble  (nominal  value  I)  and  with  the  barline  duty  uniform  (nominal 
value  2). 

Each  of  the  three  ensembles  was  analyzed  against  us  baseline  duty  uniform  performance.  This 
was  completed  for  all  tests  except  donning  and  dofEng  Those  Trials  were  not  compared  against 
a  baseline  condition  and  therefore  could  not  be  analyzed  using  the  paired  t-iest.  Instead,  donning 
and  doffing  times  were  analyzed  using  repeated  measures  analysis  of  variance'^  I ANOVA).  Tins 
method  allows  the  test  subject  to  essentially  serve  as  his/her  own  control  group  and  is  used  when 
The  two  sets  of  daia  measure  the  exact  same  characierisiic. 

The  two  tesi  subject  groups  were  analyzed  separately  to  identify  siattsiical  differences  between 
lest  ensembles  within  each  group  Dara  from  the  two  groups  were  also  combined  lo  assess 
mreraciion  effects.  The  combined  dara  were  analyzed  using  repeated  measures  ANOVA,  where 
The  ^'ensemble  type”  was  the  *‘wiihm-subjects  variable”  and  ''experience”  was  the  "berween- 
subjecis  variable".  This  analysis  determined  if  the  interaction  between  the  two  groups  for  each 
ensemble  condition  and  experience  level  was  statistically  significant. 

PresentattMS  of  Results; 

The  results  of  each  lest  are  presented  in  the  following  order: 

•  A  short  task  description 

•  Results  for  each  group  (MRVs  then  Troopers) 

c  Tabulated  data  comparing  the  mean  and  SD  of  the  task  for  each  ensemble 
u  Key  findings 
c  Discussion  of  results 

•  A  comparison  of  the  two  sublet  groups'  results 


4.1  Dodning  end  DofTing 

The  subjects  began  trials  wearing  their  dury  uniforms  The  Time  to  don  all  componenis  within 
The  lest  ensemble  was  recorded.  Any  components  requiring  removal  and  re-donning  in  the 
course  of  donning  an  ensemble  were  also  identified  (e.g.,  non-atiached  hoods  and  gloves)  Once 
The  trial  was  completed,  the  subject  doffed  the  entire  ensemble,  and  the  time  was  recorded.  Each 
test  was  conducted  Twice,  first  using  the  SCBA  and  then  using  the  APR  Mean  completion  times 
and  SDs  were  calculated. 

In  addition,  the  subjects  used  a  seven-point  scale  to  rate  the  ease  or  difficulty  of  donning  and 
doffing  each  ensemble  with  both  types  of  respirators.  The  ratings  were' 

1  -  Very  Difficult 

2  •  Moderately  DifTiculi 

“Hays, William L(I9SI)  Staiisiica  Tiurd Ednion.  Nrw York  HeJt Rirwlian and Winaioo. 

'•  Ibid 

IR 
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3  •  Slightly  Difficult 

4  '  Neither  Difficult  nor  Easy 

5  •  Slightly  Easy 

6  '  Moderately  Easy 

7  -  Ve^y  Easy 

Re[)eaied  measures  ANOVA  were  run  for  the  tuned  data.  The  HRV  group’s  results  are  reported 
in  Section  4.1.1  followed  by  those  tor  the  Trooper  group  in  Section  4.1.2. 

4.1.1  HRV  (Inexperienced)  Group 

4.1.1. 1  i>orrn/n^  Time  and  Euse/DIffituliy  Re\ulU 
Results  T>Me(8); 

Table  3  sumntonzes  the  mean  completion  times  and  associated  SDs  for  donning  with  both  the 
SCBA  and  APR  Donning  time  is  reported  in  seconds  (s). 


Table  3.  Meoo  Donning  Times,  HRV  (>roup 


SCBA  Donning  Time 

1  APR  Donning  Tine 

Mean  <s) 

SD 

Mean  (s> 

SD 

Ensemble  A 

447.K' 

4SI.8 

56.8 

358  0* 

475  B 

49.8 

Ensemble  B 

150.6 

156.4 

Ensemble  C 

288.5" 

58.3 

230  5* 

47.2 

'Ensemble  iime«  were  siausiically  dift^eni  ai  p<0  03. 


Table  4  summarizes  the  mean  ease  ratings  and  corresponding  SDs  for  donning  with  both  the 
SCBA  and  APR  Ease  of  donning  was  rated  by  the  subjects  on  the  seven-point  scale. 


Toble4.  Mean  Ratings  of  Ease/DidlcuJty  for  Donning,  HRV  Group 


SCBA  Donning  Ease  Rating 

APR  Donning  Ease  Rating 

Mean 

.SD 

Mean 

SD 

Ensemble  A 

3  5 

1  7 

1  0 

EnsemMr  B 

4  5 

1  T 

1.6 

Ensemble  C 

5.3 

0.8 

Key  nndings; 

•  Timed  Trials 

o  Ensemble  C  was  staiistically  faster  to  don  than  Ensemble  A  for  both  the  SCBA  and 
APR  trials 

o  Ensemble  B  was  the  slowest  to  don  and  had  die  largest  SD  (roughly  three  times  larger 
than  the  other  ensembles)  for  both  the  SCBA  and  APR.*' 


^  Performance  imptovemeno  ordeetenvfii*  ere  not  be«edcii  siaosiioaj  obeenwion  unless  indtcated  oitterwiw. 

A  sianderd  devieiioo  (SD^  es  lai^  as  Eoscfoble  B's  for  die  mean  donmngtime  indicates  ibat  alihoughon  average 
Ensemble  B  was  die  slowest  to  don,  there  tves  a  large  variation  id  tbe  test  reailis  Tbis  vananon  tnay  be  ibe  reaaon 
wliy  no  statisitcal  difference  svaa  found  for  Ensemble  B 
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o  Ensembtes  A  and  C  were  sieiisiically  feeler  lo  don  for  ihe  APR  compared  with  ihe 
SCBA. 

•  Ease  Railogs 

o  Ensemble  C  was  rated  highest  for  ease  of  donning  for  both  the  APR  and  SCBA 
o  Ensemble  A  was  rated  lowest  for  ease  of  donnmg  for  both  the  A  PR  and  SCBA. 

Discussion; 

Regardless  of  the  respirator  used.  Ensemble  C  was  donned  statistically  faster  than  ensemble  A 
Ensemble  C  was  a  iwo-piece  design,  while  ensemble  A  was  a  one-piece  design  constructed  from 
a  more  ngid  material.  Ensemble  A  was  also  bulkier,  which  likely  affected  its  donning  time  and 
ease  rating.  Ensemble  also  a  one-piece,  was  between  Ensembles  A  and  C  in  donning  times 
and  ease  ratings.  Ensemble  B  was  also  more  fieicibie  and  fit  subjects  better  than  Ensemble  A. 

Several  subjects  had  to  remove  their  duty  boots  to  don  Ensemble  A,  extending  ihetr  times 
Removal  of  their  duty  boots  depended  on  the  boot  design,  most  often  the  heel  and  the  leg&cufT 
tightness  of  Ensemble  A.  Ensemble  A  was  the  only  ensemble  with  a  mean  ease  rating  below  4, 
indicating  dilliculry  m  donning. 

4.}.}. 2  Do/JltfB  Time  and  Eas^/D\fficulty 
Results  Tables: 

Table  3  .•uininari2es  the  mean  completion  times  and  associated  SD  for  doffing  with  both  the 
SCBA  and  APR  Donnmg  time  is  reported  in  seconds  (s). 


TiMe  5.  Mean  Dofflog  Times.  HRV  Croup 


SCBA  Domng  Time 

AP  R  Doffing  Time 

Mean  (s> 

SD 

Mean  ls> 

SD 

Ensemble  A 

:i>05  ‘ 

37  9 

Ensemble  B 

\iCl.i- 

■M 

44.2 

Ensemble  C 

94.0* 

■bh 

mbbm 

24.5 

*  Eiifembk  C  wss  dofted  staiisiicaDy  faster  ihsti  cnscrtiblcs  A  and  B.  Ensembles  A  and  B  ware  not 
siaosticaJly  diffeteoi  at  p<0  05 
Eosemfiletimsa  svere  natiaocslly  different  ai  pO.OS 

Table  f>  summarizes  the  mean  ease  ratings  and  corresponding  SDs  for  doffing  with  both  the 
SCBA  and  APR  Ease  of  donnmg  was  rated  by  the  subjects  on  the  seven-point  scale. 
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Tabl«  6.  Mean  RatiossorEase/Dlfflculty  Tor  Domng.  KRV  Ciroup 


•SCB.A  Dodlng  Ease  Rating 

APR  Domng  Ease  Rating 

Mean 

SD 

Mean 

SD 

Ensemble  A 

4.t 

1.3 

4..t 

2.1 

Ensemble  B 

4..< 

1.7 

4..t 

2.1 

Ensemble  C 

6.5 

0.6 

6.7 

0.6 

Key  Findings; 

•  Timed  Trials: 

o  Ensemble  C  was  siailstically  iasier  to  doff  than  En ambles  A  and  B  for  the  SCBA 
o  Dofling  times  for  Ensembles  A  and  B  were  not  sutiuicaliy  different  for  ihe  SCBA. 
o  Ensemble  A  was  ihe  slowest  to  doffatvj  bad  the  largest  SO  for  the  SCBA. 
o  Ensemble  C  was  siatlsbcally  fasier  to  doff  than  Ensemble  A  for  the  APR 
o  Ensemble  A  was  the  slowest  to  doff*  for  the  APR. 
o  Ensemble  B  had  the  largest  SD  lor  the  APR. 

•  Ease  Rotiogs^  SCBA  and  APR 

o  Ensemble  C  was  rated  highest  for  ease  of  dof^g  for  the  SCBA  and  APR. 
o  Ensemble  A  was  rated  lowest  for  ease  of  doffing  for  the  SCBA  and  APR 

Discussion; 

In  general,  the  times  tended  to  be  quicker  with  the  APR  because  the  SCBA’s  harness  was  more 
complex  In  addition,  Ensemble  C’s  design  appears  to  have  made  ensemble  doffing  quicker  and 
easier  than  either  of  the  other  designs.  With  the  SCBA,  Ensemble  C’s  statistically  quH:ker 
doffing  tune  versus  the  other  two  ensembles  is  likely  due,  in  pan,  to  us  design.  Ensemble  A's 
statistically  slower  time,  versus  that  of  Ensemble  C  with  the  SCBA  and  the  APR,  was  likely  due 
to  the  inability  of  Ensemble  A’s  design  to  properly  fiVsize  for  muliiple  user  heights  and  widths,’’ 
This  statistically  slower  time  could  have  also  been  affected  by  whether  or  not  the  subject  was 
forced  lo  remove  his  boots  to  doff  Ensemble  A.  In  general,  slower  mean  limes  were  rated  with 
lower  ease  raungs. 

4.1J  Trooper  (Experienced)  Croup 

4. 1.2. 1  Donning  Time  and  Ea\e/Difpcalry  Re\uh\ 

Results  Tobies; 

Table  7  summarizes  the  mean  completion  times  and  associated  SDs  for  donning  with  both  the 
SCBA  and  APR  Donning  time  is  reported  in  seconds  (s). 


°  A«  desalted  in  Seciioii  4  2,  Ensemble  A  tendsJ  to  be  baggy  on  mo&l  of  ibe  subjecis,  tliougli  il  fil  properly  based 
Ml  Uie  «ufi  siring  scheme  In  larger  tlie  suit  svas  nuicli  loogai  (taller^  dian  die  subjects'  Imght  If  ibe  subjects 
refliurcd  a  larges  siseio  fit  dieirginli.  ohesiumts  e  large  amount  of  excess  material  bad  to  be  gathered  in  their  upper 
lorso  area 
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Tabic  7.  Mcoo  Dooninc  Times,  Trooper  (>roup 


SCBA  Doooloe  Time 

APR  Dooninfi  Time 

Mean  ls> 

SD 

Mean  (s> 

SD 

Ensemble  A 

.Ml 

59.8 

280.8 

30.3 

Ensemble  B 

21.2 

440.0 

98  9 

Ensemble  C 

.WO 

30.9 

243.3 

42.8 

Table  R  summanzea  the  mean  ease  ratings  and  cnrres[)onding  SDs  for  donning  with  both  ihe 
SCBA  and  APR  Ease  of  donning  was  rated  by  the  subjects  on  the  seven-point  scale. 


Ttble  R.  Mean  Ratings  of  Eose/DIfRculty  for  Donning,  Trooper  (Iroup 


SCBA  Donolog  Ease  Rating 

APR  Donnln; 

!  Ease  Railoc 

Mean 

SD 

Mean 

SD 

Ensemble  A 

1  .3 

4  5 

1.9 

Ensemble  B 

kb 

1  5 

3  3 

1.5 

Ensemble  C 

4.8 

I.S 

48 

1.7 

Key  Findings; 

•  Timed  TrIaU 

o  None  of  (he  ensemble  types  was  donned  staitsiically  faster  than  any  other  with  either 
the  SCBA  or  the  APR. 

•  Ease  Rstlogs 

o  Ensemble  C  was  rated  highest  for  ease  of  donning  for  both  (he  SCBA  and  APR 
o  Ensemble  A  was  slightly  easier  to  don  than  Ensemble  B  for  (he  APR. 
o  Ensemble  B  was  sli^tly  easier  to  don  than  Ensemble  A  for  (he  SCBA. 

Discussion; 

A  likely  cause  of  the  lack  of  statistical  significance  m  donning  the  different  ensembles  is  the 
large  variance  (the  square  of  the  SD)  in  donning  times.  Although  there  were  no  siaiisiical 
differences  in  donning  times  in  the  Trooper  group,  ensemble  design  appears  to  have  had  some 
bearing  on  donning  times  and  ease  of  donning  for  the  Troopers.  The  Troopers  had  more 
difficulty  donning  Ensemble  B's  hood  than  the  I IRV  group,  as  evidenced  by  observation,  ratings, 
times,  and  pamcipani  feedback  This  could  have  been  attributed  to  the  combination  of  the 
Ensemble  B  hood's  design  and  fining  complexity,  as  well  as  the  physiological  size  and'or  shape 
of  the  Troopers'  heads.  Also,  Ensemble  C  was  the  quickest  and  easiest  to  don.  Ensemble  A  was 
quicker  and  easier  to  don  than  Ensemble  B,  although  it  was  more  bulky  and  rigid  than  either 
Ensemble  B  or  C.  As  with  (he  HRV  group,  some  Troopers  had  to  remove  their  boots  to  don 
Ensemble  A.  The  Troopers  rated  (he  ease  or  difficulty  of  donning  (he  three  ensembles 
consistently  with  the  times  it  took  them  to  don  each  ensemble  (i.e.,  slower  donning  times 
received  lower  ratings). 
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4.i.2.2  Dofflns  Time  an4  Ease/Difficulty  R«>ults 
Rwulo  TtMeCs); 

Table  9  summarizes  ihe  mean  ci>mpieiion  tunes  and  assocuted  SDs  for  dofTing  with  both  ihe 
SCBA  and  APR  DofTing  lime  is  reported  in  seconds  (s). 


Table  9.  Mean  Doffing  Times.  Trooper  Croup 


SCBA  Dnffloc  Time 

APR  Doffing  Time 

Menu  fs> 

SD 

Mean  ls> 

Ensemble  A 

1.39.3* 

[HA 

1060 

Ensemble  B 

wgn 

mtgm 

113  3 

Ensemble  C 

■SB 

■B 

R6  3 

HB 

'Ejbcinblc  ('  ws«  >iaiiHiKalJy  tdstci  ihai)  1  nncmMcv  \  and  B,  aitd  Fjiacinblo  A 
ajtd  B  were  mm  staiiancally  diHci  I'm  i  Oi) 


Table  10  summarizes  the  mean  ease  ratings  and  corresponding  SDs  for  doffing  with  both  ihe 
SCBA  and  APR  Ease  of  dofTing  was  rated  by  the  sublets  on  the  seven-poini  scale. 


Table  10.  Mean  RaiiossofEase/DlfflculTy  for  Doffing.  Trooper  Croup 


SCBA  Doffing  Ease  Rating 

APR  Doffing  Ease  Rating 

Mean 

SD 

Mean 

SD 

Ensemble  A 

.3.5 

1.7 

.3.8 

1.7 

Ensemble  B 
Ensemble  C 

4.8 

1.3 

5.5 

6.0 

0.8 

5.8 

Key  Findings; 

•  Timed  Trials 

o  Ensemble  C  was  siaiisiically  faster  to  doff  than  Ensembles  A  and  B  with  the  SCBA. 
o  Ensembles  A's  and  B's  do^mg  times  were  not  siatisucally  diftereni  with  the  SCBA 
o  None  of  the  ensemble  types  was  doffed  statistically  faster  than  any  other  with  the 
APR 

•  Ease  Ratlogs: 

u  Ensemble  C  was  rated  highest  for  ease  of  dof^g  with  the  SCBA  and  APR 
o  Ensemble  A  was  rated  lowest  with  the  SC'BA  and  APR. 

Discussion; 

In  general,  dofTing  times  tended  lo  be  quicker  with  the  APR  because  of  the  extra  time  required  to 
unfasten  the  buckles  and  straps  of  the  SCBA  In  addition,  Ensemble  C's  design  appears  to  have 
made  doffing  quicker  and  easier  than  the  other  ensembles.  Ensemble  A's  design  may  have 
slowed  ns  performance.’^ 


Ensemble  A  tended  to  be  bsggy  on  most  of  iDe  subjects,  thou^  it  fit  proflorly  based  on  the  aiit  siring  scheme  In 
largn  sizes,  ibe  suit  was  much  longer  itaJler^  iban  the  subjects'  height  If  the  subjects  required  a  larger  size  to  fit 
ibeiT  ginh,  oftenumes  s  large  amount  of  excess  maicnal  bad  lo  be  gathered  in  their  upper  tono  am 


23 

UNCLASSIFIED 


TtK  Troof^ers  fell  ihai  doftmg  Ensemble  B’s  hood  was  noi  d^fTiculi  as  donntng  ii.  Despiie  ihe 
^ci  ihai  Ensemble  B  was  doffed  more  slowly  ihan  Ensemble  A,  the  Troopers  rated  it  easier  lo 
doff  than  Ensemble  A  The  Troopers  often  had  lo  remove  their  boots  to  doft  Ensemble  A. 
making  the  process  somewhat  more  difTiculi  and  lengthening  the  overall  time.  These  issues  were 
reflected  in  their  ratings  for  Ensemble  A  for  ease  of  doffing. 

4.1J  Combined  (•roup  Data  Analysis — Donninc  and  Doffing 

IIRV  and  Trooper  groups'  donning  and  dofTtng  ume  data  were  combined  to  determine  if  these 
data  were  afTected  by  the  interaction  between  the  ensemble  type  and  experience  level  of  the 
subjects.  This  analysis  identities  whether  a  slgnificani  difference  exists  due  to  the  combination  of 
ensemble  and  experience  variables  rather  than  analyzing  each  variable  independently. 

Repeated  measures  ANOVA,  which  generalizes  Student's  i-iesi  for  paired  samples,  are  used 
when  two  or  more  measurements  of  ihe  same  type  are  made  on  the  same  subject  In  this  case, 
"ensemble”  was  the  'Tnain  effect,”  and  "experience  level"  was  the  "between  subjects  effect.” 
Since  the  two  groups  of  data  are  distinct  data  sets,  only  a  test  for  any  signi  ficani  interaction  effect 
was  performed  on  the  combined  data. 

Key  Findings; 

•  There  were  siausiically  significant  interaction  efTects  (p<0.05)  for  donning  and  doffing 
times  with  the  SCBA  Ensemble  type  and  experience  together  affected  donning  and 
doffing  times.  Neither  ^lor  alone  had  an  impact 

•  None  of  the  APR  donning  or  doffing  limes  had  a  significant  i  nieraciion  effect. 

Discussion; 

One  possible  explanation  is  that  the  Troopers'  CB  and  special  operations  training  may  have 
influenced  the  Troopers  donning  and  doffing  tunes,  resulting  in  a  significant  interaction  effect. 


4.2  Gross  Dexterity 

The  Minnesota  Two-Hand  Turning  Teat  is  a  good  discriminator  of  gross  dexienty  differences 
Two  ditfereni  glove  systems  were  used  as  described  in  Section  2.3.2.  Gross  dexienty  testing  was 
conducted  wiUuut  gloves  for  the  duty  uniform  condition  This  test  was  intended  to  demonstrate 
the  performance  decrement  caused  by  the  addition  of  the  CB  ensemble.  It  was  aniicipaied  that 
wearing  the  CB  sun  and  mask  would  have  some  impact  on  the  results,  though  a  smaller  one  than 
that  caused  by  gloves  Therefore  the  dexterity  testing  was  completed  on  the  enure  CB  ensemble 
as  ii  would  be  worn  for  response. 

The  data  presented  identic  the  siaiisrical  difierences  in  ensemble  performance  when  compared 
to  the  baseline  duty  uniform  condition.  All  significance  tests  for  each  group  were  conducted  as 
paired  Student's  i-tesis 


“  Oerard  E  Ddld,  Ph  D ,  ''Related  Measures  Analysis  Of  Variance,  Pan  !•  Before  SAS's  Mixed  Procedure.'’ 
hOB^'^w'vjcfTydaHal  conVLHSP/REPEATHTM  (Cited  ScBtetnter  2008) 
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4.2.1  HRV  (liievp«rienced)<;roup  Results 
Etoulcs  Table; 

Table  1 1  presents  the  HRV  group's  mean  times  and  associated  SDs  for  (he  Minnesota  Two-lland 
Turning  Test  by  ensemble  condition  Also  presented  are  the  performance  decrements  of  the 
ensembles  compared  with  (he  dury  uniform  condition. 

TaUe  II.  Minnesota  Two-Hand  Turoiog  Test  Results,  HRV  (<roup 


Mean 

(i) 

SD 

Performance 
Decrement  vs. 
Duty  Uniform 

EaseiuMe  A 

43.5- 

44 

.'2  8*» 

Eosemble  B 

54  I- 

If»5 

65  3% 

EnsemUe  C 

40.3" 

70 

22  9®» 

Duty* 

• 

UniroriD 

32.8 

3.8 

*T}w  miiau  u  kiaiuitcally  different  Trom  the  duty  uniform  meen  on  ibe 
paired  t-tesi,  p<0  05. 


Key  Findings; 

•  All  three  ensemble  conditions  had  statistically  slower  times  to  complete  this  task 
compared  with  the  dury  uniform 

•  'The  percentage  decrement  values  varied  per  ensemble  condition ' 
o  Ensemble  C  performance  decrement  was  22  9% 

o  Ensemble  A  performance  decrement  was  32.8%. 
o  Ensemble  B  performance  decrement  was  65  3% 

Discussion; 

In  the  Minnesota  Test,  the  sublets  use  (heir  hands  and  fingers  to  manipulate  the  disks.  Oioves 
that  decrease  the  dexterity  and  tacnlity  of  the  hands  and  fingers  would  likely  affect  test  values 
Ensemble  B  used  a  two-layer  glove  system,  which  contributed  to  the  large  performance 
decrement  This  can  be  seen  by  comparing  the  pertbrmance  decrements  calculated  for  Ensembles 
A  and  C,  which  used  the  same  glove  system  In  addition,  the  mask  ensemble  may  have  also 
negatively  affected  performance. 

4JJ  Trooper  (Experienced)  Group 
Results  Ttble: 

Table  12  lists  the  Trooper  group’s  mean  times  and  associated  SDs  for  completing  the  Minnesota 
Two-Hand  Turning  Test  by  ensemble  condition.  Also  presented  are  performance  decrements  of 
the  ensembles  compared  with  the  dury  uniform  alone. 
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Ttble  12.  Mlnocsoto  T^^CKEIond  Turoios  Test  Results,  Trooper  Croup 


Mean 

(i) 

SD 

Performance 
Decrement  vs. 
Duty  Uniform 

Ensemble  A 

32  0 

.3  5 

^6% 

Ensemble  B 

39.1" 

5.2 

31  5% 

Ensemble  C 

31.6 

2.8 

6  3% 

Durv  L'olforni 
• 

29.8 

1.8 

*  Tlib'  iiicai)  js  suijsiic3))y  diffmol  frotn  duly  unifortn  itmo  on  tiK  MJrcd 
M±Sl,p<IUi 


Key  Findings; 

•  Ensemble  B  perfonned  siaiisricelly  different  from  ihe  duty  uniform  condition. 

•  Ensembles  A  and  C  dnj  ooi  perform  staiisucally  different  from  the  duty  uniform 
condition. 

•  The  percentage  decrement  values  varied  per  ensemble  condition' 
o  Ensemble  C  performance  decrement  was  6  3% 

o  Ensemble  A  performance  decrement  was  7.6%. 
o  Ensemble  B  performance  decrement  was  3 1  S% 

Discussion; 

As  with  the  IIRV  group,  ensemble  B  had  the  slowest  average  performance  This  is  likely  due  to 
the  TWO  gloves  worn  per  hand,  compared  with  the  other  ensembles  that  used  one  glove  per  hand 
Ensembles  A  and  C  performed  similar  to  each  other,  most  likely  because  both  ensembles  include 
the  same  one  layer  butyl  glove  type. 

4JJ  Combined  («roup  Data  Analysis — («ross  Dexterity 

Minnesota  Two-Hand  Turning  Test  time  data  were  combined  for  both  groups  to  determine  if  the 
times  were  affected  by  the  interaction  between  the  ensemble  type  and  the  experience  level  of  the 
subjects.  Repealed  measures  ANOVA  tests  were  conducted  using  a  mam  effect  of  "ensemble” 
and  a  between  subjects  effect  of  "experience  level.”  Since  the  two  groups  of  data  were  distinct 
data  sets,  only  a  test  for  any  significant  interaction  effect  was  performed  on  the  combined  data. 

Key  Findings: 

There  was  a  statistically  significant  interaction  effect  (p<0  05)  for  the  Minnesota  Two-lland 
Turning  Test,  indicating  that  ensemble  type  and  experience  together  affected  completion  times 
Neither  factor  alone  had  an  impact  on  this  test 

Discussk^^ 

One  pO'i^ihle  explanation  for  this  finding  may  be  that  the  CB  and  special  operations  training 
made  the  Troopers  more  familiar  with  using  gloves  and  increased  their  dexterity.  In  general,  the 
Troopers'  limes  were  faster  than  the  HRVs’  times  on  this  test. 
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4.3  Kin«  DeKlerlly 

TtK  O'Connor  Fine  Finger  Dexienry  Test  ideniifies  fine  finger  devieriiy  dilTerences  arinbuted  to 
gloves  or  handwear.  Glove  lesong  configurations  were  ideniH:al  to  (he  gro^  dexterity  testing 

This  test  requirol  (he  subject  to  feel  smelt  objects,  gras[i  them  in  a  pincer  grasp,  and  insert  them 
into  pre-dnlleil  holes  on  the  lest  board  'The  test  was  intended  to  demonstrate  (he  fine  finger 
dexterity  performance  decrement  caused  by  (he  gloves,  (t  was  anticipated  that  wearing  the  CB 
suit  and  mask  would  have  some  impact  on  (he  results,  (hough  a  smaller  one  than  that  caused  by 
gloves.  Therefore  the  dexterity  testing  was  completed  using  the  entire  CB  ensemble  as  it  would 
be  worn  for  response. 

The  data  presented  identify  the  statistical  difference  in  ensemble  performance  when  compared  to 
the  baseline  duty  uniform  condition  All  significance  tests  for  each  group  were  conducted  as 
paired  Student's  t-tests 

4J.1  HRV  (Inexperienced)  (^roup 
Etoulia  Table; 

Table  13  lists  the  MRV  group’s  mean  limes  and  associated  SDs  tor  completing  the  O'Connor 
Fine  Finger  Dexterity  Test  by  ensemble  condition.  Also  presented  are  the  performance 
decrements  of  the  ensembles  compared  wnh  the  duty  uniform  alone. 

Table  13.  O'Conoor  Fine  Finger  Dexterity  Test  Results,  11 RV  (^roup 


Mean  (s) 

SD 

Performance 
Decrement  vs. 
Du(\  Uniform 

Ensemble  A 

i.^n.y 

I7..t 

47..<"h 

Ensemble  B 

207.9’ 

55.2 

1.44.2"  n 

Ensemble  C 

1.^5.6 

42..^ 

52.8"  n 

Dun  L'oiforni 
• 

XX.8 

11.0 

****----^ _ _ 

'The  mean  is  >iaii<iical)y  difTneni  from  duty  unitorm  mno  on  the  Mired  i* 
im,  p<0  05. 


Key  Findings; 

•  Knucmbles  A  and  B  were  statistically  slower  than  the  duty  uniform  alone  condition. 

•  'There  was  no  statistical  difference  between  Ensemble  C  and  the  duty  uniform  alone. 

•  'The  percentage  decrement  values  varied  per  ensemble  condition' 
o  Ensemble  A  performance  decrement  was  47.5%. 

o  Ensemble  C  performance  decrement  was  52  6% 
o  Ensemble  B  performance  decrement  was  134  2% 

Discussion; 

The  mean  completion  time  for  Ensemble  C  was  greater  than  the  mean  time  for  Ensemble  A 
However,  due  lo  the  large  variance  (square  of  the  SD)  in  Ensemble  C's  data,  the  Student’s  t-tesi 
did  not  find  a  statistical  difference  between  Ensemble  C  and  the  duty  uniform.  Due  to  the  large 
diflerence  in  mean  compleiion  limes.  Ensemble  B's  mean  time  was  statistically  different  from 


27 

UNCLASSIFIED 


itte  duTy  unjfonn's  mean  time.  Ensemble  B's  iime  was  most  likely  lengthened  due  to  the  double 
Layer  glove  sysiem,  which  impeded  ihe  fine  dexieniy  required  lo  pick  up  and  move  the  small 
pins  in  ihe  O’Connor  Tesi. 

4JJ  Trooper  (Experienced)  (iroiip 

Table  14  lists  ihe  Trooper  group’s  mean  limes  and  associated  SDs  for  completing  ibe  O’Connor 
Fine  Finger  Dexienry  Test  by  ensemble  Also  presenied  are  the  performance  decrements  of  the 
ensembles  compared  with  the  dury  uniform  alone. 

Tobic  14. 0'Conoor  Fine  Finger  Dexterity  Test  Results,  Trooper  (^roup 


Mean 

(») 

SD 

Performance 
Decrement  vs. 
Duty  Uniform 

Eosembk  A 

1174* 

I.L7 

29  9*. 

Ensemble  B 

175  6* 

17.4 

94  3*fl 

Eoseioble  C 

126  0* 

9.0 

39.4% 

Duty  Uniform 

904 

7.4 

'The  mesn  siaus.iics)l;  diffctcin  (haii  ilii:  duly  ufiiform  itmn  on 
itic  paired  Men,  e<l.05 


Key  Findings; 

•  Al)  three  ensembles  were  statistically  slower  than  the  duty  uniform  alone 

•  The  percentage  decrement  values  varied  per  ensemble  condition' 
o  Ensemble  A  performance  decrement  was  29.9%. 

o  Ensemble  C  performance  decrement  was  39  4% 
o  Ensemble  B  performance  decrement  was  94  3% 

Discussion; 

As  with  the  HRV  Group,  the  Troopers  demonstrated  that  wearing  gloves  had  a  large  detrimental 
impact  on  completion  times  for  the  O’Connor  Test.  Ensemble  B's  two-layer  glove  system 
appeared  to  have  the  greatest  etfeci  on  the  O’Connor  Test  completion  lime,  as  can  be  seen  by  the 
increase  in  completion  time.  In  addition,  the  mask  and  ensemble  most  liJtely  had  an  adverse 
impact  on  the  results,  though  a  much  smaller  one  than  the  gloves. 

4JJ  Combined  (iroup  Data  Analysis — Fine  Dexterity 

The  O’Connor  Fine  Finger  Dexieniy  Test  times  tor  the  two  groups  were  combined  to  determine 
whether  the  times  were  afTected  by  the  interaction  between  ensemble  type  and  the  test  subjects’ 
expenence  levels.  Repeated  measures  ANOVA  tests  were  conducted  using  a  main  etTeci  of 
"ensemble”  and  a  between  subjects  etleci  of  "experience  level.”  Since  the  two  groups  of  data 
are  distinct  data  sets,  only  a  test  for  any  signilicani  interaction  effect  was  performed  on  the 
combined  data. 

Key  Findings; 

No  significani  interaction  etfeci  was  found  between  ensemble  type  and  experience  level  for  these 
lest  results 
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Discussk^^ 

In  il)i.s  «iuJy,  djfferences  in  O’Connor  Test  values  can  only  be  annbuted  to  djfferences  in  ihe 
ensemble  conditions. 


4.4  Oro^s  Bodv  Mobilitv 

TtKse  tests  assessed  whether  ihe  combination  of  e  suit,  mask,  gloves,  and  overboois  affect  the 
wearer’s  mobility  Adding  any  ensemble  component  can  often  have  an  impact  on  an  individual’s 
gross  body  mobility;  however,  separating  out  the  individual  component  effect  may  not  be 
possible  since  the  assessment  is  completed  on  the  enure  ensemble.  The  gross  body  mobility  tasks 
can  isolate  and  allow  discovery  of  the  ensemble  effects  on  body  mobility.  The  results  determine 
the  decrement  level  and  whether  any  significant  differences  exist  between  a  particular  ensemble 
and  the  baseline  duty  uniform. 

Body  mobility  task  details  are  provided  m  Section  2.4.1 .  Results  are  presented  consecutively  in 
all  tour  categories  for  the  I IRV  group  in  Section  4.4.1  and  then  for  the  Trooper  group  in  Section 
4  4  2  Student’s  t-iesis  were  used  to  compare  the  performance  of  the  ensembles  relative  to  the 
duty  unifom  with  the  exception  of  the  kneel  and  nse  task,  which  is  rated  on  pasa/fail  onieria 
Individual  group  sections  are  followed  by  an  analysis  of  the  two  groups’  data  combined 

4.4.1  HRV  (Inexperienced)  Group 

4.4.1. 1  Stepping  Ta!(ki 
Results  Ttblefs); 

Table  IS  lists  the  DRV  group's  mean  distances  and  associated  SDs  for  the  stepping  mobility 
tasks,  including  walking  forward,  walking  backward,  and  side  stepping. 


Table  15.  Stepping  Vfobllln  Task  Results,  DRV  (;roup 


Walk 
Forward  S 
SieiH  icm> 

Walk 

Backward  S 
StrDsicmt 

Side  Step 

5  Steps 
urn) 

Ensemble  A 

Mean 

622  1  * 

525  6  ' 

491  8® 

SD 

43.0 

46(1 

55.8 

Eoseioble  B 

Mean 

554  9  ' 

514.^" 

SD 

40.5 

37.8 

Ensemble  (' 

Mean 

652.9 

572  6  ' 

524  9® 

SD 

24.1 

41  0 

45.2 

Duty  Unlfono 

Mean 

515  7 

537.0 

SD 

WBrn 

70.2 

66.2 

T}wi>:  l^ctc  1)0  siaii»iical)>  beiMCi'n  Uii:  duly  uuifuini  and  icsied 

cruemblrs  on  time  tasks 

*  Tbe  ensemble  has  a  losvee  value  than  ibo  duty  uiiiform  (at  ibaitask 
'  Hie  eruemble  has  a  greater  \sIim  ihao  die  duly  uii  iform  for  ihai  task 
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Table  16  preseni&  the  perfornunce  decremeni  of  CM  C'B  enaeinbles  compared  with  the  duly 
imilbrm. 


TtUe  16.  Performance  Decremeoi  for  Stepping  Tasks,  HRV  (<roup 


Eoseiabie 

Performance 
Decrement  vs. 
Duiv  Uniform 

WaJk  ForHord  Five  Steps 

A 

1  2% 

B 

0  3% 

Side  Step  Five  .Steps 

A 

B 

4  4% 

r 

2 

No  siaovticall)'  sifnifican  difTscncea  tvfweefi  ensembles  \*cre  tbuod 
Ensembles  sod  tasks  listed  aie  titose  titai  Iwd  a  fterformancc  denemcm  vs 
itic  duly  unitbrm  (Oitter  caseiables  aad^or  tasks  aot  Ikied  bad  scores 
blsber  lhaa  Ihe  dull  unJferm  score.) 


KejJTndlng^ 

TIkcre  were  no  staiisdcally  signifKani  differences  in  pefformance  between  ihe  CB  ensembles  and 
the  duly  imtlbrm  for  any  of  ihe  three  stepping  tasks. 

Discussion; 

Even  though  no  staitsiicaliy  significani  differences  were  found  in  ihe  stepping  task 
perlbrmances,  some  HRVs  were  able  to  step  farther  in  a  test  ensemble  than  they  did  in  iheir  duly 
uniforms.  The  lack  of  scmsiical  difference  is  noi  unusual,  and  ts  parr  of  the  expected  vanaiion 
berween  repeated  trials.  The  ensembles  provide  enough  range  of  motion  to  offset  the  effect  of 
their  added  bulk 

4.4. 1.2  Arm  Taikt 
Results  TaMels); 

fable  17  summarizes  the  IIRV  group's  mean  angles  and  a.ssociated  SDs  for  the  arm  mobility 
tasks  This  included  upper  arm  abduction,  upper  arm  forward  extension,  and  upper  arm  backward 
extension. 
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Table  17.  Arm  MoblUiy  Task  Results.  EIRV  Croup 


Upper  Arm 
Abduction 
(decrees) 

Upper  Arm 
Forward 
Extension 
(decrees) 

Upper  Arm 
Backward 
Extension 

fdMirrMl 

ensemble  A 

Mean 

■SBH 

l.\3  1  ♦ 

42  5^ 

SD 

167 

14.7 

39 

Ensemble  B 

Mean 

idoJ^ 

141  8* 

52.1  ' 

SD 

3.4 

6.3 

6.0 

Ensemble  C 

Mean 

1487^ 

50  9* 

SD 

5.3 

91 

Duty  Uniform 

Mean 

)46.6 

153.6 

51.7 

SD 

72 

3.4 

8.7 

''Rk  tnesn  \i  ststiifmlly  diffcrrm  from  ilw  duty  uoifonn  mean  on  die  paired 
p<l05. 


*  Tlie  maeinblc  has  a  losvrt  kslue  dian  iBe  duty  uiufom  for  ihai  tavk 
'  The  ertsemble  has  a  greater  value  ihan  die  duly  urtiform  for  that  task 

Table  IK  presents  the  perfornuince  decremeni  of  the  CB  ensembles  compared  with  the  duty 
imiform. 


Table  IS.  Performance  Decrement  for  Arm  .Mobility  Tasks,  ilRV  Croup 


Ensemble 

Performance 
Decrement  vs. 
Duty  Uniform 

Upper  Arm  Abduction 

IKK*.' 

B 

4.3*n 

{' 

7*. 

Upper  Arm  Forward  Exieosion 

A 

15  4*. 

B 

K  .3*^0 

c 

3  3*'H 

Upper  Arm  Backward  Extension 

A 

21.6*4 

c 

1  5*4 

*The  mean  assceiatcd  widt  iDis  decremesn  ts  staiisueally  difTeieni  from  iDe  duly 
umform  mean  on  the  paired  t>t«si.  p<l.0$  Ensembles  and  lasts  listed  arc  those  dial 
had  a  performance  dcerctncm  '•i  die  duty  uniform  (Other  ensemblas  aad/or  lasts 
aat  Usied  had  scares  hlsber  than  the  duty  ualfbrra  scare.) 

Key  Undlngs; 

Ensemble  A’s  performance  for  upper  arm  abduction  was  statistically  lower  than  that  of  the  duty 
uniform. 

Discussion: 

Eiiseinble  A  was  the  only  ensemble  to  exhibit  a  statistically  significant  decremeni,  as  shown  in 
upper  arm  abduction  performance  Upper  arm  abduction  involves  moving  the  arm  out  to  the  side 
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of  ihe  body  and  upward  as  far  as  possible  Ensemble  A  was  often  bulky  for  the  test  participants. 
Though  Ensemble  A  fit  eoch  subject  properly  for  height,  the  ensemble  was  baggy,  especially  in 
the  torso,  due  to  the  ensemble's  design.  For  example,  subjects  oden  needed  a  larger  size  for  their 
girth,  which  caused  excess  material  to  gather  in  the  upper  torso  area.  Therefore,  a  staiisiically 
significant  difference  in  arm  abduction  range  of  motion  tor  Ensemble  A  was  found 

Neither  of  the  other  two  tasks,  upper  arm  forward  extension  or  upper  arm  backward  extension, 
demonstrated  a  statistically  significant  difference  for  any  of  the  ensemble  conditions.  The  HRV 
group  was  presumably  less  affected  by  the  bulk  of  the  ensembles  when  performing  these  tasks 
However,  most  arm  mobility  tasks,  wiih  the  exception  of  Ensemble  B  for  upper  arm  backward 
extension,  showed  performance  decrements  compared  with  the  duty  uniform's  performance. 

4.4.l.iU^Tu\ks 
Exults  T>Me(8); 

Table  19  summarizes  the  HRV  group’s  mean  angles  and  associated  SDs  for  the  leg  mobility 
tasks  This  included  upper  leg  forward  extension,  upper  leg  backward  extension,  and  upper  leg 
flexion. 


Table  19.  Leg  MablllTyTask  Results,  HRV  (;roup 


Upper  Leg 
Forwird 
Exteosioo 
ideereesk 

I'pper  Lee 
Backward 
Exteosioo 
idepreeti 

Upper 

Flexion 

idepreeti 

Ensemble  A 

Mean 

58.5* 

41.2' 

71.8* 

SD 

1.4 

1.9 

7.5 

EosemMe  B 

Mean 

61.3  ' 

40.5' 

75.8* 

SD 

12 

5.5 

14.6 

Ensemble  C 

Mean 

60.7® 

44.1'  • 

78.5*" 

SD 

7.6 

3.8 

12.7 

Duty  UDlforiD 

Mean 

61.0 

39.6 

86.3 

SD 

12.8 

66 

111 

*The  (nesn  is  ststisiically  differrm  Trom  bw  duty  uniroim  mean  on  die  paued  i>t«si. 

*  Tbe  ensemble  has  a  lower  value  than  ibe  duty  ufiiform  for  ibaitavk 
'  The  ensemble  has  a  greater  value  thao  the  duly  uniform  for  that  task 

Table  20  presents  the  performance  decrement  of  the  CB  ensembles  compared  with  the  duty 
uniform. 


32 

UNCLASSIFIED 


Table  20.  Pcrrormoncc  Docrcmenr  for  Lee  Mobility  Tttks,  HR\'  CIroup 


Ensemble 

Performance 
Decrement  vs. 
Dutv  Uniform 

Upper  Leg  Forward  Extension 

A 

4.3*. 

c 

Ori*'n 

Upper  Leg  Flexion 

A 

20  2*. 

D 

1.3  7*n 

c 

9 

''Hk  tnean  essociaied  wiih  ibis  Oeemnem  is  st£iisunll>  diflereni  from  ibe  Oury 
uniform  mean  on  iIm  psimi  p<l.0$  Eosembles  and  i&sLs  listed  arc  those  dial 
had  a  iKrformancc  dceretnefii  va  die  duly  uniform  (Other  easemblra  aad/or  lasLa 
aei  Hated  had  scores  hlsber  ibaa  ibe  dary  uaJfbrni  score.) 

Key  Findings; 

•  Ensemble  C’s  performance  lor  upper  leg  fiexton  was  siaiistically 
duty  uniform  alone. 

•  Ensemble  C’s  performance  for  upper  leg  backward  extension  was 
ensemble  C  than  ihai  of  the  dury  uniform 

Discussion; 

li  IS  not  clear  why  upper  leg  backward  extension  provided  significantly  increased  performance  m 
Ensemble  C  than  in  the  dury  uniform  One  possible,  but  unlikely,  reason  is  that  the  subjects  may 
have  been  more  limber  when  performing  tests  in  Ensemble  C.  However,  randomization  of 
ensembles  reduced  this  possibility.  Being  more  limber  ts  an  unlikely  cause,  since  none  of  the 
other  leg  movements  and  few  of  the  arm  movemenis  had  means  greater  in  Ensemble  C  than  in 
the  dury  uniform  Ensemble  C  was  a  two-piece  ensemble  wiih  separate  trousers,  allowing  (by 
observation  and  subjects’  comments)  a  fair  degree  of  mobility.  The  other  ensembles  had  upper 
leg  backward  extension  scores  within  a  few  degrees  of  each  other  and  of  the  duty  uniform. 

Upper  leg  flexion  performance  was  statistically  lower  for  Ensemble  C  than  for  the  duty  uniform 
Thus,  Ensemble  C  restricted  leg  mobility  for  this  task  more  than  the  dury  uniform.  This  finding 
is  interesting  in  light  of  the  statistically  greater  upper  leg  backward  mobility  of  the  same 
ensemble.  This  indicates  there  is  a  difference  in  mobility  between  the  hip  and  knee  areas  (the 
TWO  areas  tested  m  these  tasks)  in  this  ensemble,  (n  addition.  Ensemble  C  had  the  highest 
pertbrmance  for  this  task,  but  was  the  only  one  that  differed  statistically  horn  the  duty  uniform 
The  difference  likely  resulted  from  a  combination  of  the  range  and  size  of  individual  subject's 
measurements  and  the  means  and  variances  for  each  ensemble. 

4.4. 1.4  Bending  Taikn 
Elesulis  Table; 

Bending  tasks  included  standing  trunk  flexion  and  kneel  and  rise  tasks.  Table  2 1  summarizes  the 
IIRV  group's  mean  distances,  SDs,  and  performance  decrements  for  the  standing  trunk  flexion 


tower  Than  that  of  the 
statistically  higher  for 
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Tabl«  21.  Siandloc  Trunk  Flexion  Roaults,  EIRV  Croup 


Mean 

fcmi 

SD 

Performance  Decrement 
vs.  Dutv  Uniform 

Ensemble  A 

10.4 

HZ.H"*'' 

Ensemble  B 

100* 

9.i 

22.9% 

Ensemble  C 

99* 

9.9 

20.9% 

Dury  Uniform 

S.2 

9.8 

*  Ibb'  n>caj)  j»  kUiikiKallydifferem  fromihc  dury  unifonn  mean  od  itie  paired 
l•l£Sl,p<0  05 

*  Tbe  mean  aasociated  v.iU)  dus  decNmciu  la  aiassticaJly  dif(«t«ot  born  Uk 
dury  urtitdnn  mno 

*  T^e  eesemblc  had  a  losver  b-aluc  ihati  die  duty  uniform  for  ihai  taek 


Key  Undines; 

•  Sitndlog  Trunk  Fkxloo:  Ensemble  A’s  perfomunce  for  siandjng  lAJnk  flevion  was 
siaiisiically  lower  than  ihe  dury  uniform  alone. 

•  Kneel  and  Rise:  All  four  lesi  oondiiions  (CB  ensembles  and  dury  uniform)  were  raied  a 
"3  (oui  of  3  K  or  "can  nse  from  kneeling  position  with  no  assistance”. 

Discussion; 

Standing  inink  flexton  used  a  mean  calculation  for  ensemble  performance,  which  can  be 
compared  with  the  duty  uniform  alone.  A  lower  score  indicates  superior  performance  because 
the  measurement  represents  the  distance  between  the  fingertips  and  the  floor.  Greater  resistance 
to  bending  at  the  waist  would  result  In  a  higher  value.  The  bulk,  sizing  scheme,  and  one-piece 
design  of  Ensemble  A  most  likely  contnbuied  to  significantly  lower  bending  mobility  compared 
with  Ihe  duty  uniform  Ensemble  A' s  bulk  tended  lo  gather  at  the  waisi  unless  the  subject  moved 
It  around  to  another  location,  thereby  affecting  bending  at  the  waist 

Kneel  and  nse  uses  a  rating  scale  for  the  degree  of  success  and  independence  a  subject  achieves 
in  kneeling  and  then  standing  again.  The  rating  scale  is  as  follows' 

0  '  Cannot  get  down  on  both  knees 

1  *  Cannot  nse  ftom  kneeling  posiiKin 

2  *  Can  rise  from  kneeling  position  but  needs  to  grasp  object  (for  example,  a  chair) 

3  *  Can  rise  from  kneeling  position  without  help 

All  four  test  conditions  were  rated  a  "3”,  or  “can  nse  from  kneeling  position  with  no  assistance”. 
Although  the  ensembles  tended  to  be  bulky  to  varying  degrees,  none  caused  enough  resistance  or 
interference  to  mobility.  All  subjects  in  this  group  commented  that  it  was  easy  to  complete  this 
task. 
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4.4J  Trooper  (Experleoced)  (<roiip 


4.4.2. 1  Supping  Tashi 
RmuIo  T>l»]e(8); 

Tables  22  lists  the  Trooper  group’s  mean  distances  and  associated  SDs  for  the  stepping  tnobiliiy 
tasks,  including  walking  forward,  walking  backward,  and  side  stepping. 


Toble  22.  Stcppiog  Vfnbilliy  Task  Results,  Trooper  Croup 


Stepping  Tasks 

Walk 
Forward  5 
Steps  (cm) 

Walk 

Backward  5 
Steps  (cm) 

Side  Step  S 
Steps  (cm) 

Ensemble  A 

Mean 

SD 

7157' 

mu 

46  1 

42.1 

Ensemble  B 

Mean 

578  3* 

SD 

■bh 

■ilH 

51.4 

Ensemble  <’ 

Mean 

725  «  ' 

653.0' 

5I> 

31  0 

26.3 

39.3 

Durv  L'oifnrni 
• 

Mean 

SD 

695  B 

623.5 

620.3 

92  1 

Sl.O 

54.3 

There  were  no  siaseticaJly  significani  difTetences  tefweeci  the  duly  uniroim  and  iDe 
tested  eruetnbles  on  these  uaka 

*  The  ensemble  hod  a  lower  value  than  ibe  duty  unifonn  for  ihai  task. 

’  Hic  cruetnble  had  a  greater  then  itic  duly  uniform  for  ihaitask 

Table  23  presents  the  perfornuince  decrement  of  the  CB  ensembles  compared  with  the  duty 
unitbrm. 

Table  23.  Performance  Decreioeot  for  Stepping  Tasks,  Trooper  Croup 


Task 

Ensemble 

Performance 
Decrement  vs. 
Duty  Uniform 

Walk  Backward  Five 
Steps 

A 

0  4"> 

B 

i)  6">, 

Skle.Sfep  Five  Steps 

A 

B 

7  7% 

<’ 

0  4% 

tiaiKiKally  4jgiiincai)l  diffoiciiccs  cittiCiiiltlcs  were  fouiMj 

Ensembles  and  tasks  listed  are  those  that  had  a  performaticc  decrcftimt  v« 
the  duty  uniform.  (Other  enserahles  aod^or  tasks  nol  Hired  bad  scores 
hlsber  lhao  Ihe  dutt  utUform  srore.) 


Key  Findings; 

There  were  no  statistically  significant  differences  in  performance  between  the  CB  ensembles  and 
the  duty  unitbrm  for  any  of  the  three  stepping  tasks. 
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Discussk^^ 

({veil  itiivugh  no  suii^iicolly  significant  differences  were  found  in  ihe  stepping  task 
performances,  some  MRV  test  participonis  were  able  (o  step  farther  in  a  lest  CB  ensemble  than 
they  dNj  wearing  their  duty  uniforms  The  lack  of  8iaiisiH:al  difference  is  not  unusual,  and  is  pan 
of  the  expected  variation  between  repeated  trials.  The  ensembles  provided  enough  range  of 
motion  to  offset  the  effect  of  their  added  bulk. 

4.4.2.2  4rm  Taik% 

Results  TaMefsl; 

Table  24  summarizes  the  Trooper  group’s  mean  angles  and  associated  SDs  for  the  arm  mobility 
tasks,  including  upper  arm  abductKin,  upper  arm  forward  extension,  and  upper  arm  backward 
extension 


Table  24.  Arm  Mobility  Task  Results,  Trooper  Croup 


Arm  Tasks 

Upper  Ann 

Abduction 

{degrees) 

Upper  Arm 
Forward 
Extension 
{degrees) 

Upper  .Arm 
Backward 
Extension 
fdeereesk 

Ensemble  A 

Mean 

15S.5‘* 

166.9* 

46.1  * 

SD 

4B 

6.4 

70 

Ensemble  B 

Mean 

159.B* 

166 1 

54.8'" 

SD 

75 

5.6 

47 

Ensemble  C 

Mean 

157.1^ 

164.6*" 

49.3* 

SD 

75 

J2.J 

37 

Duly  Uniform 

Mean 

1626 

173.5 

50  6 

SD 

62 

8.8 

5  1 

*The  mesD  19  staiufKatlydifTcmii  from  the  duty  unitonti  mesa  cn  ibe  Mired  I'tesi,  p<0  05 
*  The  ensemble  had  a  lower  vstucitian  ibe  duty  ufiirOm  for  ibaitask 
'TheefisemUe  bad  agrcaier  value  than  tbedifry  uoifonuforihat  task 


Table  2S  presents  the  performance  decrement  of  the  CB  ensembles  compared  with  the  duty 
uniform. 

Key  Findings; 

•  Ensemble  A's  performance  for  upper  arm  abduction  was  statistically  lower  than  that  of 
the  duty  uniform  alone 

•  Ensemble  B's  and  Ensemble  C's  performances  for  upper  arm  forward  extension  were 
staiisiically  lower  than  the  performance  of  the  duty  uniform  alone. 

•  Ensemble  B's  performance  for  upper  arm  backward  extension  was  statistically  higher 
than  that  of  the  duty  uniform  alone. 
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Tabic  25.  Performance  DecremcDi  for  Arm  Mobility  Tasks,  Trooper  (>roiip 


Task 

Ensemble 

Performance 
Decrement  vs. 
DuTv  Uniform 

Upper  Arm 
Ahductlon 

A 

B 

1 

( 

5% 

Upper  Arm  Forward 
Extensioo 

A 

B 

( 

Upper  Arm 
Backward  Extensloo 

A 

10 

( 

'0®» 

*rK  incjti  d^siKiJiciJ  u-jil)  iriiMkcib'tiicni  is.  >iaiMicalJ\  ijitlctb'm  Item 
itic  dory  uiiifoini  mean  ou  ilic  pwiuO  LiMinblcs  ajU 

la^  Jilted  are  ihoae  tiui  had  e  fterfoemance  deemnem  \s  ihe  duly 
uniform  iDitter  caaenihles  aad^or  lasLi  not  Usrad  scores  bighor 
iban  (be  da(y  uaiforia  scare.) 


Discussion: 

All  three  arm  (asks  demonstraied  some  sQiisiscally  significant  differences  in  ihe  Trooper  group 
Upper  arm  abduction  was  statistically  lower  m  Ensemble  A  than  in  the  duty  uniform  alone 
Ensemble  A's  variance  for  this  task  was  less  than  one-half  the  variance  of  ihe  ocher  two 
ensembles  and  most  likely  contnbuied  lo  che  siatisiical  significance  for  this  configuration.  In 
addition,  abduction  involves  moving  che  arm  out  to  the  side  of  the  body  and  upward  as  far  as 
possible.  Ensemble  A  was  often  bulky  for  the  test  parucipanis  Though  Ensemble  A  lii  each 
subject  properly  for  height,  the  ensemble  was  baggy,  especially  in  the  lor&o,  due  lo  che 
ensemble's  design.  For  example,  subjects  often  needed  a  brger  size  for  cheir  ginh,  which  caused 
excess  material  lo  gather  in  the  upper  torso  area  Therefore,  a  siatisiicaDy  significani  difterence 
in  arm  abduction  range  of  moiion  for  Ensemble  A  was  found. 

Upper  arm  forward  extension  was  statistically  lower  in  Ensembles  B  and  C  Than  in  The  duty 
uniform.  In  this  task,  resistance  in  the  design  of  Ensembles  B  and  C  appears  lo  be  che  cause  of 
the  significant  statistical  difference  from  the  dury  uniform. 

Ensemble  B  performed  statistically  better  Than  che  duty  uniform  for  upper  arm  backward 
exiension,  indicating  that  The  subjects  had  greater  backward  exiension  when  wearing  Ensemble 
B  Since  the  presentation  order  of  all  The  ensembles  was  randomly  assigned,  ii  is  unlikely  That  all 
of  the  Troopers  were  the  mosi  limber  by  the  time  Ensemble  B  was  Tested  Alt  subjects  were 
shown  how  to  properly  perform  this  task,  and  the  evaluator  ensured  that  the  motion  was 
conducted  correctly  each  tune.  Therefore,  the  reason  for  Ensemble  B’s  significantly  greater 
pertbrmance  on  this  task  is  unclear. 

In  Che  Trooper  group,  most  of  the  arm  mobilhy  tasks  showed  a  pertbrmance  decrement  tor  all  of 
the  ensembles  compared  with  the  duty  uniform  alone  However,  only  decrements  associated 
with  statisiicaliy  significant  differences  are  summarized  in  this  report. 
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4.4.2.3  Us  Tuih< 

RmuIo  T>Me(8); 

Table  26  sununanzea  ihe  Trooper  group's  mean  angles  and  associaied  SDs  for  die  leg  tnobiliry 
tasks,  including  upper  leg  foi^vard  extension,  upper  leg  backward  extension,  and  upper  leg 
flexion. 


Table  26.  Leg  Mobllliy  Task  Results.  Trooper  (^roup 


Leg  Tasks 

Upper  Leg 
Forward  Extension 
(degrees) 

Upper  Leg 
Backward 
Exienslnn  (degrees) 

Upper  Leg 
Flexion 
(degrees) 

Ensemble  4 

Mean 

69  K* 

44S’ 

83.6* 

SD 

5.3 

5.7 

40 

Ensemble  B 

Mean 

6S.6* 

47.2’ 

X0.3*" 

SD 

66 

85 

72 

Ensemble  C 

Mean 

66  k* 

45.3' 

84  3* 

SD 

3.4 

5.3 

24 

Duty 

Uniform 

Mean 

71.4 

44.1 

91  3 

SD 

10.7 

9.3 

94 

*The  mcao  uststuiKallydiffercni  rromihc  duty  unifonti  mean  on  ibe  pajKd  vien,  p<0Jt5. 
*  Tbr  msemble  had  a  lover  value  ihan  iBe  duty  unifom  for  ibaitask 
'  Hu:  ctisetnbk  had  a  greater  vaJur  dati  die  duly  unifortn  foi  ibai  taik 


Table  27  presents  the  performance  decremeni  of  the  CB  ensembles  compared  with  the  duty 
uniform. 


Table  27.  Pcrformooce  Decrement  for  Leg  Mobility  Tasks,  Trooper  Clrnup 


Task 

Ensemble 

Performance 
Decrement  vs. 
Duty  Uniform 

Upper  Leg 
Forward 
Extension 

A 

2.3% 

B 

4  1  “/• 

c 

6.95* 

Upper  Leg 
Flexion 

A 

9.3% 

B 

)3.8%- 

c 

8  3% 

*The  nvao  8«ociaicd  uiiti  dni  denoftcfii  isstatuiically  different 
from  the  duty  uoifonti  mean  on  the  paired  vten,  p<0.05 
Ensembles  and  lasks  lined  arc  those  ibai  had  a  perfontianco 
decrctncfii  vs  iho  duty  uniform  (Other  easemMes  and/or  tasks 
aai  Usttd  had  scares  hlsber  tbaa  the  dety  uaJforra  scare.) 


Key  Flndlngfs); 

Ensemble  B's  performance  for  upper  leg  flexion  was  statistically  lower  than  that  of  the  duty 
uniform  alone. 
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Discussion: 


(.'pper  leg  flexion  peffomunce  wos  sutisiically  lower  for  Ensemble  B  than  tor  the  duly  uniform 
Thus,  Ensemble  B  restrKied  leg  mobility  for  this  lesk  more  than  ibe  duty  uniform.  Possible 
ex[ilanaiions  tor  Ensemble  B\  performance  include  its  bulk  and  one-piece  design  This 
indicates  there  is  a  difference  in  mobility  between  the  hip  and  knee  areas  (the  two  areas  tested  in 
these  laski)  for  Ensemble  B 

4.4.2.4  Bending  Toikf 
Elesulcs  Tableis); 

Bending  tasks  included  standing  trunk  flexion  and  kneel  and  nse  tasks.  Table  2  B  summarizes  the 
Trooper  group’s  mean  distances,  SDs,  and  performance  decrements  for  standing  otjnk  flexion. 


Table  28.  Siandlog  Trunk  Flexion  Results,  Trooper  Cl  roup 


Standing  Trunk 
Flexion 

Mean 

(cm) 

SD 

Performance 
Decrement  vs. 
Dun  Uniform 

Ensemble  A 

Ensemble  B 

Ensemble  C 

m 

EB 

373  9% 

III 

63.2% 

El 

5X.0% 

Duty  Uniform 

1.6 

3.2 

*  Tbe  ftirsD  is  staiisiKally  difTCrem  from  ihc  duty  unifom  meafi  on  ibe 
Mired  t-tesi,  0<O  05 

Ihc  mesD  aasociated  wnh  ibis  dencfneni  is  siausncaJly  difTocni  from 


die  duly  uniform  mean 

*  The  ensemble  had  a  lower  value  dian  ibe  duty  ufuform  for  ihai  task 


Key  Flndtngfs); 

Ensemble  A's  performance  for  standing  trunk  flexion  was  statistical  ty  lower  than  that  of  the  duty 
uniform  alone. 

Discussion: 

Standing  trunk  flexion  uses  a  mean  calculation  for  ensemble  performance,  which  is  used  to 
compare  it  with  duty  uniform  performance.  A  lower  score  indicates  superior  performance 
because  the  measurement  represents  the  distance  between  the  fingertips  and  the  floor,  (ireaier 
resistance  to  bending  at  the  waist  would  result  in  a  higher  value.  Ensemble  A  was  the  only 
ensemble  to  have  a  siaiisilcal  difference,  demonstrating  lower  mobility  than  the  duty  uniform  on 
the  standing  trunk  flexion  task.  The  bulk,  sizing  scheme,  and  one-piece  design  of  Ensemble  A 
most  likely  conuibuied  to  significantly  lower  bending  mobility  than  the  duty  uniform.  Ensemble 
A's  bulk  tended  to  gather  at  the  waist  unless  the  subject  moved  the  ensemble  around  to  another 
location,  thereby  affecting  bending  at  the  waist. 

As  previously  stated,  kneel  and  nse  uses  a  rating  scale  for  the  degree  of  success  and 
independence  a  subject  achieves  in  kneeling  and  then  standing  again  (n  every  test  condition,  the 
Troopers  were  able  to  kneel  and  stand  up  again  without  assistance.  Therefore,  all  three 
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ensembles  were  rjteil  “S”  De&pite  the  bulk  of  the  various  ensembles,  no  ensemble  interfered 
with  Troopers’  bendjng  mobdiiy  All  Troopers  commented  (hat  it  was  easy  to  complete  (his  task 

4.4J  Combloed  (^roup  Dau  Aotlysls— dross  Body  Vfohlll(y 

Gross  body  mobility  means  for  the  MRV  and  Trooper  groups  were  combined  (o  allow  siaiisiica) 
testing  (or  any  interaction  e(Tecis  The  goat  was  to  determine  statistically  whether  the  means  for 
body  mobitity  were  affected  by  the  interaction  between  ensemble  type  and  the  experience  levels 
of  the  subjects. 

Key  Findings; 

Upper  arm  abduction  demonstrated  an  interaction  effect  between  ensemble  type  and  expenence 
level  combined.  Neither  ensemble  type  nor  experience  level  alone  had  an  impact 

Discussion; 

In  this  task,  there  is  no  obvious  reason  to  expbin  why  experience  level  would  interact  with 
ensemble  type.  The  IIRV  and  Trooper  groups  were  both  reasonably  physically  fir.  The  HRVs 
were  younger,  but  the  Troopers  achieved  means  for  (his  task  that  were  approximately  20  degrees 
greater  than  (he  IfRVs’  means.  These  data  appear  contradictory,  but  (here  are  instances  when 
interaction  effects  are  significant  for  no  logical  explanation.  It  appears  to  be  the  case  here,  as  the 
interaction  cannot  be  easily  explained. 


4.5  (VlUsion  Scenario! 

43.1  HRV  (Inexperienced)  Group 

4,5.Ll  Scenario  I  -  Ferlmeter  C'ofttrt>i 
Results  Tahictsi; 

Table  29  summan2ea  the  fIRV  group's  mean  time,  SDs,  and  performance  decrement  tor  the 
perimeter  control  mission  scenario. 


Table  29.  Scenario  1  (Perimeter  Control)  Results,  HRV  Group 


Scenario  1 — Perimeter 
Cnoirnl 

Mean 

(s) 

SD 

Performance 
Decrement  vs. 
Dutv  Uniform 

Ensemble  A 

mrmM 

98.3 

22.6% 

Ensemble  B 

471  8* 

100.5 

28.9% 

Ensemble  C 

446  5^ 

89.4 

22.0% 

Durv  Uniform 
• 

366.0 

42.4 

'****---..^ 

NcAe  of  the  mears  were  ststi&ocally  difTerem  bom  ibe  duty  uniform  mnn  on 
ihc  paired  Men, 

*  The  anaemblc  had  a  losvar  value  itian  iBe  duty  ufiifom  for  ihaiask 
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Kt\  rindlng<st: 

f  or  like  penmeier  control  scenario,  ihe^  were  no  siaiisticel  differences  tn  lime  peffomunce 
berween  the  CB  ensembles  and  the  duty  uniform. 

Discussion; 

The  variances  in  the  magntmde  of  the  mean  measurements  for  each  of  the  CB  ensembles  are 
more  than  double  the  variance  of  the  duty  uniform  These  large  variances  com^sared  with  the 
duty  uniform  variance  are  the  likely  reason  for  the  lack  of  stausiically  significant  differences. 

4,5,L2 Scenario  2  -  Tactical 

The  laciical  scenario  was  divided  into  eight  timed  subiasks  in  addition  to  the  total  time  required 
to  complete  the  scenario.  Tins  allowed  for  companson  of  individual  task  compleiion  within  the 
different  ensembles.  Table  30  summarizes  the  omed  subtasks  used  in  this  scenario 


Tabic  30.  List  ofTacilcaJ  Sceotrlo  .Subiasks 


Scenario  2 
Sub>Task 

Descrlpilon  of  Tasks  Accomplished  In  Time  Block 
(Times  are  consecutive  -  no  gaps.) 

Time  1 

From  timer  start  through  issuing  commands  to  "assailant” . 

Time  2 

Drop  M4  (to  be  caught  by  sling),  draw  9  mm,  swap  magazine  ftom  case  on 
belt  to  9  mm. 

Time  3 

Stand  next  to  "assailanr,  holster  9  mm.  restrain  “assailant”  with  handcuff. 

Time  4 

Frisk  "assailant,”  stand  him  up 

Time  5 

Radio  to  team  member  that  you  are  exiting  with  "assailanf '  m  custody. 

Time  6 

Escort  “assailant"  out  into  hallway,  hand  "a.<sailanf'  off,  clear  hallway. 

Time  7 

Enter  next  area,  clear  area,  drag  downed  officer  to  safe  area 

Time  8 

Clear  malfunction  in  M4,  run  to  wall,  scale  wall  Timer  stopped 

Total  Time 

Tactical  scenario  total  consecutive  elapsed  time. 

Elesults  Tablefs); 

Table  3 1  lists  the  I IRV  group’s  mean  times  and  associated  SDs  for  the  tactical  scenario, 
including  each  subtask  and  total  time. 
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Ttl>Ie3l.  Scenario  2  (Tadlcal)  Results  by  Ensemble,  (IRV  Croup 


Scenario  2 
Subttsk 

Ensemble 

Ensemble  B 

Ensemble  C 

Mean  ls> 

SD 

Mean  Is) 

SD 

IMean  ls>l 

SD 

Mean  (si 

SD 

TImel 

M 

mm 

28.5* 

2.4 

.11  0* 

6.9 

27.0 

52 

Time  2 

9(\ 

23..3* 

120 

m 

6.1 

15.3 

Time  3 

Timed 

lO.S 

15..3' 

5.6 

MM 

2.6 

15.7 

21.0 

■M 

10.5 

18.3^ 

9.2 

BflUa 

7.0 

4.8 

Times 

mm 

MBm 

5.9 

16.5^ 

ll 

8.5 

3.8 

Time  6 

m 

3.5 

15.8* 

11.1 

9.3  ^ 

3.9 

9.8 

4.5 

Time? 

4.8 

15.3^ 

2.1 

12.8* 

3.2 

11.5 

4.9 

Times 

27.3^ 

mm 

23.5' 

4.7 

25.5* 

4.8 

24.0 

1.2 

Total  TlRM 

147.8 

10.5 

147.0* 

25.5 

17.9 

124.0 

6.1 

*The  in££D  i^sifnificanily  diffeteot  fKm  Utedury  unirom  mean  on  itic  paired  Meat. 
*  Tbe  cnaemble  had  a  greater  (slower)  value  diart  iDe  duty  uruform  (dr  titai  task 
'  T)k  ensamUe  bad  a  lower  (quicker)  value  diart  ibe  duty  uruform  Tor  tliai 


Table  32  lists  ihe  performance  decrements  of  (be  CB  ensembles  when  compared  with  (hose  of 
the  duty  imifotm. 

Table  32.  Performooce  Decrement  for  Sceoarlo  2  Tasks  (Tactical),  IIR\  Croup 


Subtask  Times  and 
Total  Time 

Ensemble 

Performance  Decrement 
vs.  Dutv  Uniform 

Scenario  2.  Time  1 

A 

7  4*^ 

D 

S.6».n 

( 

14  K*. 

Scenario  2.  Time  2 

A 

l.i.lln 

D 

52  5*;i 

Scenario  2.  Timed 

A 

1 7 1  4% 

B 

160  7*'ii 

( 

167  9*. 

Scenario  2.  Time  5 

( 

94  1*. 

Scenario  2,  Time  6 

A 

10..1*. 

D 

61  5*;i 

Scenario  2.  Time  7 

A 

78  .V. 

B 

.12  6*n 

( 

10  9*. 

Scenario  2,  Time  8 

A 

115*. 

( 

6  1*-;, 

Scenario  2,  Total  Time 

A 

19  2*-.* 

B 

l8.S*n 

( 

179*.* 

*1110  mean  associaicd  wiili  iIik  ^icntcni  i>  »iaiisiicaJJ>  dilfctcm  iioiii  ibc  sluiy 
uniform  mean  on  die  paired  I'li^L  p^.u$  titscmblCk  arid  uskr  listed  aic  tliuse 
dial  had  a  performance  dreresnem  m  the  duly  unirorm  (Ortter  enscrahlea  and/ar 
taaki  aat  Hated  had  scores  hetlar  tbaa  tba  duty  uaiforiB  scare). 
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KejJ^Indlnglsi: 

■  ({n'W?n)hle  A  was  siaiisticaily  fasier  than  ihe  dury  uniform  for  Time  S  {radio  lo  (earn 
member  dial  you  are  exiling  with  the  ''assailant"  m  custody). 

•  Both  Ensembles  A  and  C  were  staiisucally  slower  in  running  ihe  whole  scenano  than  ihe 
duTy  uniform  alone. 

Discussion; 

Ensemble  A  was  statistically  faster  than  the  duty  uniform  for  Tune  5  in  this  scenario,  which 
included  radioing  a  team  member  that  ihe  test  subject  was  exiting  with  an  "assailant"  in  custody. 

The  total  time  to  complete  the  scenano  also  demonstrated  significant  differences  on  the  paired 
Student’s  i-tests.  Ensembles  A  and  C  took  statistically  longer  to  run  the  whole  scenano  than  the 
duty  uniform.  Ensemble  B's  mean  time  was  very  close  to  that  of  Ensembles  A  and  C,  but  it  was 
not  statistically  different,  most  likely  due  to  its  larger  variance.  This  scenario  is  a  dynamic  test 
of  vision,  dextenty.  strength,  and  speed.  All  of  these  factors  can  be  affected  by  a  mask,  gloves, 
and  a  bulky  ensemble. 

4.S.1.3  Scfnari/t  3  -  Crime  Scene 
Elesulis  Tableis); 

Table  33  summanzes  the  IIRV  group's  mean  times,  SDs,  and  performance  decrements  for  the 
crime  scene  investigation  mission  scenano 

Tahle  33.  SccdoMo  3  Results  (Crime  Scene  InvesUgailon),  HRV  Croup 


Scenarios— 

Crime 

lovesilgotton 

Mean 

(s) 

SD 

Performance 
Decreiocot  vs. 
Duty  Uniform 

Eoseioble  A 

499 

92.R 

\.9% 

Ensemble  B 

5773*" 

124.6 

17.7%^ 

Eoseioble  C 

492  0* 

47.4 

0.3% 

Duty  Uniform 

490.5 

9R.7 

'  'Hk  nvsD  19  staii9iKa1ly  ditTefcni  frooi  ibe  duty  unironn  tnean  on  ibe 


rwrrd  t-tesi,  p<0  05 

*7be  ftrnti  associated  with  dus  decromam  u  staiisocalty  different  from  ibr 
duty  unitbm  mrao 

*  The  ensemble  had  a  freater  (slower)  vaJur  ihao  the  duty  ufuroms  for  itiai 
tsk 


KejJTndlnglsi: 

Ensemble  D  was  statistically  slower  than  the  duty  uniform 
Discussion; 

This  scenario  required  the  test  subjects  to  don  10  to  IS  pairs  of  latex  gloves  over  the  chemical 
protective  gloves  or  bare  hand  depending  on  the  conliguratlon.  'This  was  to  simulate  techniques 
used  to  avoid  cross-contaminaoon  of  evidence  However,  as  the  subjects  prepared  for  this 
scenario,  it  became  obvious  that  no  more  than  six  pairs  of  latex  gloves  could  be  worn  Donning 
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more  than  stx  [lairs  cau&ed  (he  cloves  (o  n[i  and  (ear,  coniaminacing  (hem  and  making  ihem 
unusable  for  evidence  coKeciion.  In  (he  dury  uniform  condition,  where  no  addidonal  gloves  are 
worn,  ihe  subjects  could  const^iendy  don  six  pairs  of  laiex  gloves.  For  die  ensemble  conditions, 
berween  three  and  sik  pairs  were  donned  The  number  of  pairs  of  LateK  gloves  donned  depended 
on  (he  size  of  (he  subjects'  hands  rather  than  the  type  of  chemical  protective  gloves  the  sublets 
wore  When  fewer  than  sii;  pairs  were  donned,  (he  subjects  simulated  stripping  a  pair  of  gloves 
h^3m  (heir  hands  at  the  appropriate  points  m  the  scenario  until  (he  number  of  gloves  equaled  the 
number  of  evidence  items.  Alter  that,  the  subjects  removed  an  acrual  pair  of  latex  gloves  at  each 
remaining  poini.^ 

Ensemble  B  used  a  rwo-parr  glove  system,  which  combined  with  three  (o  six  pairs  of  latex 
gloves,  limited  hand  mobility  and  dexierny  as  demonstrated  by  subject  accounts  and  observation. 
Lack  of  mobility  and  dexienty  were  sources  of  the  extended  time  to  complete  the  scenario  in 
Ensemble  B. 

The  latex  gloves  affected  Ensembles  A  and  C  and  the  duty  uniform  condition  equally.  The  three 
conditions  had  similar  completion  times,  ahhough  the  latex  gloves  were  worn  over  bare  hands 
with  the  duty  uniform  and  over  butyl  gloves  with  Ensembles  A  and  C. 

43J  Trooper  (Experienced)  (Iroup 

4,5,2.l  Scenario  I  -  Perimeter  Contr/>/ 

Results  TsbleCs); 

Table  34  summarizes  the  Trooper  group's  mean  times,  SDs,  and  performance  decrements  for  the 
perimeter  control  mission  scenario. 

Table  34.  Scenario  1  Results  (Perimeter  Control).  Trooper  Croup 


Scenario  1 — 
Perimeter  Control 

Mean 

(s) 

SD 

Performance 

Decrement  vs. 

Duiv  Uniform 
• 

Ensemble  A 

^1 

22.9% 

Ensemble  B 

BSI 

ng 

25.1% 

Ensemble  C 

224  0^ 

Wm 

16.5% 

Duty  Uniform 

192.3 

3S.6 

N«(K  01  dK  ftinos  svere  stsiuitcally  Oiilcieni  iiooi  Uk  duly  wiubm  mean 
on  Uk  paired  Men,  p<0,OS  Perfomance  decicmmia  are  pmemed  for 
iniomietion  ooly,  since  t>o  siaosticaJly  si^ifinnt  ditfererKss  v>cre  fbund. 


*  TIk  ertsertible  had  a  freater  (slower)  value  iheo  Uk  duty  ufiiform  for  ihai 
tsk 


^  The  1atei  gloves  svere  sized  as  "one  size  fits  all" 

*  Hie  Troofcrs  indicated  dial  in  praciKC,  given  Uk  i^ing  and  die  difficulty  m  donning  multiple  pens  of  gloves, 
die;  would  don  approxiiDaiely  four  pairs  of  latex  gloves  If  moee  pairs  of  biex  gloves  were  neeessafy,  iDey  would 
Id to  the  staging  area  and  don  more  gloves  Before  proceeding  sviUi  evidence  eoUecitoii 
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Key  rinding: 

There  were  ao  siaii&iical  differences  in  com^ileiion  time  for  ihe  penmeiee  control  seensno 
berween  the  CB  ensemblee  and  the  duty  uniform  alone. 

Discussion; 

There  were  no  significant  differences  between  the  CB  ensembles  and  the  duty  uniform  for  the 
perimeter  control  scenario.  Although  the  CB  ensemble  condjilon  tunes  were  approximately  IS- 
2S%  longer  than  the  duty  uniform  tunes,  the  variances  observed  in  the  four  testing  conditions 
most  likely  resulted  m  no  significant  difference  between  the  CB  ensembles  and  the  duty  uniform 

4,5,2.2  Scenario  2  -  Tactical 
Results  TsMefs); 

Table  3S  lists  the  Trooper  group's  mean  times  and  associated  SDs  for  the  tactical  scenario, 
including  each  subiask  and  total  time. 


Table  35.  Scenario  2  Results  by  Coscmble  (Tactical),  Trooper  firoup 


Scenario  2 
Subiask 

Ensemble  A 

Ensemble  B 

Ensemble  C 

Duty  Unlforia 

Mean  |s) 

SD 

Mean  Is) 

.SD 

Mean  |s) 

SD 

Mean  <s) 

SD 

Time  1 

ID 

1  5 

Bjng 

1  5 

BB 

l.O 

TimeZ 

■db 

Wm 

BB 

24 

BB 

6B 

BB 

3.7 

Time  3 

21 

bm 

2.6 

28.8’" 

93 

15.0 

1.2 

Time  4 

68* 

ig 

2.9 

5.3' 

37 

5.8 

3.3 

Times 

40^ 

B 

■B 

1.5 

85* 

30 

2.8 

1.5 

Time  6 

60^ 

1  6 

^B 

1.0 

mmm 

B 

4.8 

BB 

Time? 

13.5^- 

^  1 

ILO* 

1.4 

m 

B 

8.5 

BB 

Times 

1  7 

15.0* 

1.2 

178* 

53 

13.0 

1.2 

ToiaJ  Time 

IMIB 

13.9 

Mmm 

m 

26.8 

75.8 

2.2 

*Tbc  iitcan  i»  »uunically  diftetcoi  Uoui  iLi:  July  wiifojin  owan  omhe  psircd  t'lm,  p<0  05. 
*The  enfrffifileHadagmtft  islosver)  value  tlMfibie  duty  unitbnti  tbrihei  last 
'  Hie  ensemble  lad  a  lower  (quKket)  value  titan  Uie  duty  imitbrm  tor  dial  last:. 


Table  3t>  compares  the  performance  decrements  of  the  CB  ensembles  and  the  duty  uniforms. 
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Tabl«  36.  Pcrformoncc  Do<rcni«iit  for  Scentrio  2  {Tactical)  Tasks,  Trooper  Croup 


Performance 

Scenario  2  Subiask 

EnsenUe 

DecreiDCDi  vs. 

Dun  Uniform 

A 

3)  !%• 

Time  1 

B 

9.8S 

c 

36.1%* 

Time  2 

A 

23  ■<% 

c 

76  7% 

A 

45  0% 

Time  3 

B 

4).7%* 

c 

9)  7%* 

Time  4 

A 

17  4% 

A 

45J% 

Times 

B 

18  2% 

c 

209  1% 

Timed 

A 

26J% 

c 

157  9% 

A 

58  B%* 

Time? 

B 

29.4% 

c 

70.6% 

A 

36  S%* 

Time  8 

B 

1 5.4% 

c 

36i% 

A 

36  0%* 

Total  Time 

B 

I3J% 

c 

67.3%** 

*The  mean  auociatcd  svitlt  this  decranum  is  ststiiitcally  ditTerom  born  ihc  <tuTy 
uniform  itmo  on  Ae  paired  vien,  0<O  05.  Ensembles  and  tasks  listed  are  ibosc 
that  had  e  ftesfonnarKC  decrement  vs.  the  duty  uniform  (Other  eotestbles 
and/or  tasks  not  listed  had  scares  better  than  the  dat>  uaKoroi  scare). 

Key  rindinylst; 

•  Ensembles  A  and  C  were  siaiistically  slower  than  (he  duty  uniform  for  Tune  1  (from 
timer  start  through  issuing  commands  lo  the  '^assailant") 

•  Ensembles  B  and  C  were  statistbcally  slower  than  the  duty  uniform  for  Time  3  (stand  next 
to  the  "assailani’V’  holster  the  9  mm,  restrain  the  "assailant''  with  handcuffs) 

•  Ensemble  A  was  siadsilcally  slower  than  the  duty  uniform  for  Time  7  (enter  next  area, 
clear  area,  drag  downed  officer  to  safe  area). 

•  Ensemble  A  was  statistically  slower  than  the  duty  unifomi  for  Time  8  (clear  malfunction 
in  M4,  run  to  wall,  scale  wall). 

•  Both  ensembles  A  and  C  were  statistically  slower  for  the  whole  scenario  than  the  duty 
uniform. 
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DiSCUSSilMK 

The  T rooper^  completed  ihe  first  subusk,  Tune  I ,  staiisucelly  slower  m  Ensembles  A  and  C  than 
in  the  duly  uniform  Ensembles  B  and  C  performed  suiisiicaliy  slower  than  ihe  duly  uniform  for 
Time  3.  Time  3  included  standing  nexi  to  an  ''assaibni",  bolstering  the  hjndgun,  approaching 
the  “assaibni'V  and  restraining  bim  with  handcuffs.  The  increased  completion  time  would  be 
expected,  given  the  required  manipulanon  of  a  handgun  and  handcutTs  while  wearing  gloves 
However,  Ensemble  A  did  not  exhibit  the  same  statistical  difference  m  performance.  Ensemble 
A's  data  exhibited  a  mean  time  between  the  other  ensembles'  scores;  however,  the  vanance  (the 
square  of  the  SD)  was  much  higher  than  Ensemble  B’s.  This  large  variance  is  most  likely 
attributed  to  the  lack  of  statistical  significance  observed. 

A  similar  situation  arose  in  Time  7.  which  included  clearing  a  hallway  and  dragging  a  downed 
"otlicer''.  Troopers  wearing  Ensemble  A  performed  this  subtask  statistically  slower  than  ihe 
duty  uniform.  Ensemble  C’s  mean  was  actually  higher  than  Ensemble  A's,  but  Ensemble  C's 
spread  of  individual  scores  created  a  large  variance,  which  prevented  finding  statistical 
significance  for  Ensemble  C.  Given  Ensemble  A's  bulk  and  restriction,  it  is  not  surprising  that 
the  Troopers  took  statistically  longer  to  complete  this  subtask  in  Ensemble  C  than  in  the  duty 
uniform. 

Ensemble  A  exhibited  a  significantly  slower  mean  time  than  the  duty  uniform  for  Time  which 
included  cleanng  a  rifle  malfunction,  re-slinging  the  weapon,  running  to  a  wall,  and  scaling  the 
wall.  Ensemble  A’s  bulk,  restriction,  and  poor  visibility  contributed  to  the  statistical  significance 
observed.  Ensemble  C  had  a  similar  mean,  but  as  with  Time  7,  it  had  a  much  larger  variance  due 
to  the  range  of  the  individual  Troopers’  times,  and  was  not  statistically  different  from  the  duty 
uniform  mean. 

The  Troopers  took  statistically  longer  to  run  the  entire  scenario  in  Ensemble  A  and  in  Ensemble 
C  than  in  the  duty  uniform  The  scenario  is  a  dynamic  test  of  vision,  dexterity,  strength,  and 
speed.  All  of  these  factors  are  affected  by  a  mask,  gloves,  and  a  bulky  ensemble. 

Troopers  took  almost  four  times  longer  to  perform  Time  S  in  Ensemble  C  than  in  the  duty 
uniform,  but  the  difference  was  not  found  to  be  statistically  significant  This  is  likely  due  to  the 
small  numeric  values  for  Time  S  and  the  relatively  (proponionatlyl  large  vanance  for  all  of  the 
ensembles  on  this  lime,  especially  Ensemble  C.  (n  cases  where  numeric  values  are  small,  a  very 
small  variance  and  a  large  difterence  between  values  are  required  lo  find  significance  with  a 
sample  size  of  four. 

If  should  be  noted  that  the  evaluator  was  careful  to  time  all  tasks  ai  the  same  point  in  every  tnal, 
and  10  instruct  subjects  to  conduct  the  scenano  the  same  way  each  time  they  ran  it.  These  factors 
were  reduced  or  eliminated  as  causes  for  diftenng  subtask  times 

4.S.2.3  Si:enari/>  3  -  Crime  Scene  lavettlgaH/m 
Results  TaMefs); 

Table  37  summarizes  the  Trooper  group's  mean  times,  SDs,  and  performance  decrements  for  the 
crime  scene  investigation  mission  scenano 


47 

UNCLASSIFIED 


Table  37.  Sceoirto  3  Rcsulfs  (Crime  Scene  Investigation).  Trooper  Ciroup 


.Scenario  3 — Crime 
(ovestigaiioo 

Mean 

(i) 

SD 

Perform  anee 
Dccremeni  vs. 
Dutv  Uniform 

Ensemble  A 

97  1 

1.6% 

Ensemble  B 

102  6 

18.4% 

Ensemble  C 

607 

0.6% 

D«iv  Uniform 

395.8 

78  3 

None  of  (tic  meatu  v.ere  siaiisaally  difTerem  from  duty  unilorm  mean  oo  the 
paired  t-tcai,  0<O  05 

*  Ttie  ciMinble  had  a  greater  (slower)  value  that)  ihe  duty  uiulorm  for  titai  task 


Key  Findtng(8); 

No  statistical  differences  were  found  between  die  CB  ensembles  and  the  duty  uniform  in  ome 
performance  for  the  crime  scene  investigation  scenario 

Discussion; 

Like  die  liRV  group,  ibe  Troopers  were  only  able  to  don  three  to  six  pairs  of  laiex  gloves  during 
Ibis  scenario,  depending  on  die  physical  size  of  the  subject's  bonds  Tbe  subjects  simulated 
stripping  a  pair  of  gloves  ftom  dieir  bands,  as  necessary,  at  the  appropriate  points  In  the  scenario 

No  staiistical  dlfterences  between  mean  ensemble  completion  times  were  found  for  this  scenario. 
Variability  tn  die  means  for  each  ensemble  is  the  likely  reason  for  a  bek  of  siaiisiica) 
significance  between  ensemble  scores  The  latex  gloves  appeared  to  have  the  same  effeci  on 
performance  for  all  of  ihe  ensembles,  despite  being  used  with  bare  hands  for  tbe  duty  uniform 
condition  and  with  cbemical  protective  gloves  for  the  CB  ensemble  conditions. 

4.5.3  Combloed  (Iroup  Data  Aotlysls — Mlssloo  Sceoarios 

Mean  scores  tor  the  mission  scenarios  were  combined  for  ibe  HRV  and  Trooper  groups  to  test 
statistically  if  an  tnieraciion  existed  between  ensemble  type  and  die  subject's  experience  level.  If 
no  mieracuon  was  found,  die  differences  between  ensembles  for  scenario  completion  tune  in 
each  group  would  be  due  to  ensemble  type  alone 

Key  Findtngfs); 

No  mieracuon  effects  were  found  for  any  of  the  scenarios,  including  Scenario  2 's  subiask  times. 
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5  Summury  of  Res»uits» 


Two  gfoops.  each  oompnsed  or  four  mjJe  subjecOL,  look  pait  in  ih)S  Evaluation.  The  Ik'S! 
subjecLV  perromunce  tn  ihe  three  dinereai  CB  en^mble  ouadition«  was  compare J  with  a 
bosebne  July  urnrorm  coflnguraiion.  Ensonbies  uoeJ  in  this  evoluauon  are  described  in  Sections 
2  2  and  2J.  A  summary  is  provided  in  Table  3B 


Table  38.  Eosenible  Type  Dcscrlpiloas 


Ensemble  Type 

Ensenible  Description 

EMomUeA 

t 

Ensemble  A  consisted  of: 

•  Suit  A  (impermeable  suit) 

•  APR 

•  Standard  butyl  {^oves 

•  Butyl  overbuuis 

Ensemble  B 

Ensemble  B  consulted  of; 

•  Sun  B  (SPM  suit) 

•  APR 

•  Two-pieve  glove  system 

•  Light-weight  impenneable  overboots 

c 

Ensemble  C  consisted  of 

•  Suit  C  (oir  permeable  suiO 

•  APR 

•  Standard  butyl  gloves 

•  Butyl  overboois 

Duly  liDlform 

The  MR V  group  wore  their  ACUs.  The  Trooper  group 
wore  a  BDU  and  combat  boots.  The  duty  umrom 
trousers  and  bools  were  worn  under  each  CB  »uit 
ensembie.*' 

^  Soow  pcrroniuMe  dilTererKes  may  have  test  due  lo  di  rTemi  dciiijit,  tuunala,  aod  fit  of  ihe  ACU  eompared 
ii>  Uk  BOU  Hovvever,  aJI  perCbrmHfKM  dioa^  for  t  subject  in  a  panicular  eosembk  arc  c%prewed  as  a  pereeattge 
rckujve  io  lOiK  subject  Irt  odicr  words,  ibe  overall  bcaefii  or  diMd^aotage  of  wenriiia  ibe  Jioy  uAiForm  b;  iiself  la 
»ull  captured  for  aJ)  three  CB  cfiscmbls 
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Unle^  o(henvi&e  noied,  all  com^iansons  balow  are  based  on  the  siaiisiica)  analyses  berwean 

and/or  within  iha  HRV  group  and  the  Trooper  group. 

Donntng; 

•  Ensemble  design  impacts  donnmg  time  and  ease  for  aach  test  group 

•  Donnmg  tunes  for  SCBA  were  longer  than  for  iha  APR  due  lo  addioona)  buckles  and 
straps  required  to  secure  iha  SCBA.  The  only  exception  was  seen  for  Ensemble  B  where 
ihe  APR  look  longer  to  don.  This  was  anribuied  lo  ihe  interaction  berween  iha  APR  and 
Ensemble  B’s  hood  design,  which  was  separate  from  iha  suit  and  required  multiple  steps 
10  don  Allhough  these  observations  are  uoe  for  boih  test  groups,  ihey  are  only 
statistically  significanr^  for  the  MRV  group.  This  indicates  ihai  only  the  HRV  group  was 
able  to  don  ihe  SCBA  sietisiically  faster  than  ihey  were  able  to  don  the  APR. 

•  The  HRV  group  donned  Ensemble  C  statistically  faster  than  Ensemble  A  while  wearing 
either  ihe  SCBA  or  APR  respirators. 

•  Both  test  groups  rated  Ensemble  C  the  easiest  to  don  with  either  respirator. 

Doffing; 

•  The  SCBA  doffing  times  for  Ensemble  C  were  statistically  faster  than  the  limes  for 
Ensembles  A  and  B  for  both  test  groups. 

•  The  APR  dotting  times  for  Ensemble  C  were  siaosiically  faster  than  those  for  Ensemble 
A  for  the  MRV  group. 

•  Both  groups  rated  Ensemble  C  as  ihe  easiest  to  doff  with  either  respuator. 

Coasblaed  HRV  and  Trooper  Data  for  Doanlnt  and  Doffing; 

•  There  were  siaiisiically  significant  mieracuon  effects  for  donning  and  dofling  limes  with 
the  SCBA  tor  Ihe  combmed  MRV  and  Trooper  data  sets  This  indicaies  that  ensemble 
type  and  experience  affected  donnmg  and  doffing  times  while  neither  factor  alone  had  an 
impact. 

•  There  were  no  siaiisiically  significant  interaction  effects  for  donnmg  and  doffing  limes 
with  the  APR  for  the  combined  I IRV  and  Trooper  data  sets. 

Cross  Dexterity;  Mltnew  Two«Ha»ited  Turn  Test; 

•  For  the  HRV  group,  all  three  ensembles  had  stadsilcally  slower  limes  to  complete  ihe 
gross  dexterity  lesi  than  the  duty  uniform 

•  For  the  Trooper  group.  Ensemble  B  had  siaiistkally  slower  limes  than  the  duty  uniform 
for  the  gross  dexieniy  test 

•  Gloves  had  a  large  adverse  impact  on  performance,  decreasing  hand  dexterity  and 
laciihry. 

•  Ensemble  B  (a  two-layer  glove  sysieml  had  the  longeai  times  when  compared  with 
Ensemble  A  (a  single  layer  glove  system).  Ensemble  C  (a  single  layer  glove  system),  and 
the  duty  uniform  (bare  lund). 


*  Fora  review  of  siaiisiicaJ  sigiuficaocc  a«  it  pertaios  to  this  analysis,  refee  lo  Section  4  I 
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•  TrKK  wail  a  staiisticaily  significant  inieraction  elleci  for  gross  dexisfiry  for  the  combmeil 
IIRV  and  Trooper  data  sets.  This  indicates  ihat  ensembie  type  and  experience  together 
atlected  completion  times  while  neither  factor  alone  had  an  impact 

Plae  Peiterirvt  O^Coanor  Fine  Plagef  Dewrll\  TeM: 

•  For  the  HRV  group,  Ensembles  A  and  B  had  stausticaKy  slowee  times  to  complete  the 
fine  dexterity  teats  than  the  duty  uniform 

•  For  the  Trooper  group,  alt  three  ensemblea  had  statistically  slower  times  to  complete  the 
fine  dexterity  teats  than  the  duty  uniform 

CoMblaed  HRV  and  Trooper  Data  for  Plae  Flnter  l>eiterlf>' 

•  No  statistically  significant  interaction  effect  was  found  between  ensemble  type  and 
experience  level.  This  indicates  that  the  statisticai  differences  in  fine  Enger  dexterity 
values  in  this  study  can  only  be  attributed  to  differences  in  the  ensemble  conditions. 

Gross  Body  MoblilO'  Stcphint  Tasks;  Porward  SteiK  Backward  Step,  and  Slik  Step; 

•  No  statistical  differences  in  the  three  stepping  body  mobility  tasks  were  found  for  the 
ensembles  when  compared  with  the  duty  uniform. 

Gr2SLSS5fll-&i26!!SQLAEfiiSifeL-iftfilLAES^6ii!£SS!L-kfifi£LAl!S-^DS4£fl-Ei££ftySfi* 

and  Up^ef  Arm  Backward  Eiienaloa; 

•  For  both  test  groups.  Ensemble  A’s  upper  arm  abduction  performance  was  statistically 
lower  than  that  of  the  duty  uniform  alone.  This  indicates  that  Ensemble  A’s  design 
limited  the  ability  of  the  test  subjects  to  move  their  arms  out  to  the  side  of  their  bodies 
and  upward. 

•  For  the  Trooper  group.  Ensembles  B  and  C  had  upper  arm  forward  extension 
performances,  which  were  statistically  lower  than  those  of  the  duty  uniform  alone.  This 
indicates  that  the  designs  of  Ensembles  B  and  C  limited  the  ability  of  the  test  subjects  to 
move  their  arms  forward  and  upward. 

•  For  the  Trooper  group.  Ensemble  B's  upper  arm  backward  extension  was  statistically 
higher  than  that  of  the  duty  uniform  alone.  This  indicates  that  Ensembles  B's  design 
increased  the  test  subjects'  ability  to  move  their  arms  backward  and  upward. 

CoMblaed  HRV  and  Trooper  Pats  for  the  Cross  Body  MoblllO'  Aras  Tasks; 

•  Upper  arm  abduction  demonstrated  a  statistically  significant  interaction  efleci  between 
ensemble  type  and  experience  level,  while  neither  factor  alone  had  an  impact 

Gross  Body  MoblUty  Leg  Tasfcs;  Dwr  Leg  Porwerd  Eitensloa,  Uhper  Lei  Beekward 

Extension,  and  Upper  Leg  Plexlon; 

•  For  the  HRV  group,  Ensemble  C’s  upper  leg  flexion  performance  was  statistically  lower 
than  that  of  the  duty  uniform  alone.  This  indicates  that  Ensemble  C’s  design  limited  the 
ability  for  the  test  subjects  to  raise  their  legs  upward  with  their  knees  bent 

•  For  the  HRV  group.  Ensemble  C's  upper  teg  backward  extension  performance  was 
statistically  higher  than  that  of  the  duty  uniform  alone.  This  indicates  that  Ensemble  C's 
design  increased  the  test  subjects’  ability  to  move  their  legs  backward  and  upward. 
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•  For  the  Trooper  group.  Ensemble  B's  upper  leg  flexion  performance  was  siaustically 
lower  than  that  of  the  duty  uniform  alone.  This  indicates  that  the  Ensemble  B's  design 
limited  the  ability  for  the  test  subjects  to  raise  their  legs  upward  with  their  knees  bent 

CoMblxd  HRV  and  Trooper  Data  for  the  Cross  Body  Mi>blllf>'  Lei  Tasks; 

•  No  statistically  significant  interaction  effect  was  found  between  ensemble  type  and 
experience  level.  'This  indicates  that  the  statistical  differences  in  gross  body  mobility  leg 
tasks  in  this  study  can  only  be  attributed  to  difterences  in  the  ensemble  conditions 

Bendlae  Tasks;  Standing  TruBk  Flexion  and  Kaeel  and  Rise; 

•  Ensemble  A's  standing  trunk  flexion  performance  was  statistically  lower  than  that  of  the 
duty  uniform  alone  for  both  test  groups.  This  indicates  that  the  Ensemble  A's  design 
limned  the  ability  for  the  test  subjects  to  bend  at  the  waist  and  touch  their  toes. 

•  All  ensembles  allowed  the  test  subjects  to  kneel  and  rise  with  no  assistance. 

MlsUon,Scen4rl24,Perinteier£2ft£E2li 

•  There  were  no  statistical  differences  in  performance  between  CB  ensembles  and  the  duty 
uniform  configurations  for  either  test  group  Each  group  generated  large  variances, 
which  are  likely  the  reason  why  there  were  no  statistical  differences,  despite  the 
magnitude  of  the  difference  in  the  measurements. 

Mission  Scenario:  Tactkal  Oixrarloaa; 

•  Ensembles  A  and  C  were  statistically  slower  overall  than  the  duty  uniform  alone  for  both 
groups. 

•  Ensemble  A  was  statistically  taster  in  completing  Subtask  5,  radioing  to  the  team  that  the 
subject  IS  exiting  with  the  "assailant'’  in  custody,  than  the  duty  uniform  alone  for  the 
HRV  group. 

•  Several  subta.sk5  were  executed  statistically  slower  by  the  Trooper  group  when  wearing 
an  ensemble  than  when  wearing  the  duty  uniform,  as  follows; 

(1  Subtask  I  was  executed  statistically  slower  in  Ensembles  A  and  C.  This  subtask 
included  descending  stairs,  searching  and  clearing  areas,  walking,  opening  doors,  and 
dealing  with  and  arresting  an  armed  suspect. 

c  Subiask  3  was  executed  statistically  slower  in  Ensembles  B  and  C.  It  included 
bolstering  a  weapon,  handcuffing  a  suspect,  and  communicating  with  the  suspect, 
c  Subiask  7  was  executed  statistically  slower  in  Ensemble  A.  This  subiask  included 
walking,  clearing  an  area,  and  dragging  a  downed  officer, 
c  Subiask  k  was  executed  statistically  slower  in  Ensemble  A.  This  subiask  included 
clearing  a  weapon,  running,  and  scaling  a  wall. 

Mission  Scenario  3:  Crime  Scat  lnvesl>tiilo»; 

•  Ensemble  B  was  siaiisiicaJly  slower  than  the  duty  uniform  for  the  HRV  group. 

•  Ensemble  B  severely  limned  hand  mobility  and  dexterity,  according  to  subjects’  accounts 
and  evaluators’  observations.  This  system  used  a  iwo-pan  glove  system  in  addition  to  the 
three  to  six  pairs  of  latex  gloves  worn  for  evidence  collection 

CoMbloed  HRV  and  Trooper  Data  for  the  Mission  Seena/los; 

•  No  siaiisiicaily  significant  inieraciion  effects  were  found  for  any  of  the  scenarios 
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6  Conclusions 


ergononucs  evaluation  utilized  a  unique  approach  towards  evaluating  human  factors 
performance  charactensiics  of  CB  protective  en^mbles.  The  use  of  generalized  laboratory  lest 
methods  for  range  of  motion  combined  with  LE  specific  mission-based  scenarios  allowed  for  a 
more  representative  and  comprehensive  analysts  of  LE  user  movements.  The  purpose  of  this 
evaluation  was  to  provide  test  methods  capable  of  evaluating  LE  representative  CB  ensemble 
ergonomics  performance.  It  also  served  to  set  the  baseline  for  ergonomics  performance  levels 
for  LE  CB  protective  ensembles. 

Evisimg  CB  proieciion  standards  are  limited  m  addressing  the  range  of  human  factors 
considerations  of  interest  to  the  LE  community.  The  few  standards  which  delve  into  systems 
level  ergonomic  performance  are  not  aligned  with  LE's  human  factors  evaluation  needs, 
specifically  as  they  relate  to  their  mission  roles,  tasks,  and  movements  when  responding  to  a  CB 
incident.  Most  of  these  evisiing  standards  utilize  ASTM  F  1 1 54,  Siandard  Pio<rices  for 
Quanlhalivelv  EvaluaUng  ike  Comjorx.  Fif.  Funchon.  and  Inle^ify  of  Chemical-Ftvieclive  Sw! 
Ensemhles,  lo  evaluate  human  factors  considerations  related  lo  CB  protective  ensembles. 
However,  ASTM  F  IIS4  is  limited  in  scope  and  applicability  within  the  conteKt  of  LE  response 
to  CB  incidents.  The  tests  outlined  in  ASTM  F  1 154  arc  global  and  general,  allowing  pasa/fall 
testing  only  for  genera)  ensemble  pertbrmance  and  do  not  allow  for  quantitative  evaluation  of 
ensembles  or  evaluation  through  mission-based  tasks.  In  addition.  Procedure  “A”  in  ASTM  F 
1 154  IS  geared  towards  suit/ system  mtegnty  rather  than  overall  suit  performance  and  ability  to 
complete  duties,  such  as  those  required  of  tactical  officers 

Wearing  a  CB  protective  ensemble  has  been  proven  to  degrade  overall  performance;  however,  it 
is  critical  lo  ensure  that  the  appropriate  tests  arc  conducted  to  measure  the  degradation  in 
pertbrmance  quantitatively  based  on  LE  mission  related  tasks.  The  lest  methods  utilized  in  this 
assessment  provide  this  detailed  evaluation  and  allow  tor  realistic  and  repeatable  measures  of  LE 
pertbrmance  decrement  in  CB  protective  ensembles. 

These  test  protocols  can  be  utilized  as  pan  of  LE  specific  performance  standards  to  ensure  that 
the  proper  range  of  motion  and  human  factors  performance  is  achieved.  Individual  performance 
requirements  should  be  established  for  each  of  the  tasks  and  scenarios  outlined  in  this  report.  As 
the  ensembles  performed  differently  depending  on  the  type  of  movement  required,  a  complete 
a.ssessmeni  of  the  ergonomic  performance  of  the  system  will  require  the  inclusion  of  each  of 
these  characteristics.  In  addition,  this  study  highlights  that  LE  professionals  should  be  used 
during  ergonomic  cefliticaiion  testing  This  will  reduce  the  likelihood  of  integration  effects  seen 
when  using  an  inexperienced  data  pool 

The  development  of  improved  standards  which  specifically  address  the  needs  of  the  LE 
community  is  necessary  to  ensure  that  the  protection  needs./requirements  of  LE  personnel  are 
being  met  while  affording  the  ability  lo  complete  their  overall  missions.  As  LE  operations  have 
different  requirements  than  other  responding  agencies  under  conditions  of  CB  threats,  the  need 
for  additional  standards  that  are  specttically  designed  to  meet  the  needs  of  the  LE  community  is 
essential.  The  recommendations  identified  in  this  report  will  be  provided  to  NIST-OLES  for 
consideration  when  developing  LE  specific  CB  standards.  The  results  of  this  evaluation  will  be 
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used  (o  recommend  nunimum  hunuin  fdciors  [performance  levels  lo  NIST-OLES  for 
constderaiion  wt>en  developing  LE  specific  performance  standards  for  CB  PPE  ensembles. 


Tbis  document  reports  research  undenaken  ai  the 
U.S.  Army  Naiick  Soldier  Research,  Pev«|oprnacii  and 
Ceiiiui,  NaiiutuMA,  Mid  lUK  User 
assigoed  No.  NATICK/TR-  1 0  /  OOS  in  a 
senes  of  reports  approved  foe  publicacioo 
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Acronyms 


ACU 

ACH 

APR 

BDU 

CB 

DHS 

EOD 

IJLSO 

HRV 

JB2CU 

JSLIST 

LE 

LEAP 

NBC 

NFPA 

NIJ 

NIOSH 

NIST-OLES 

NPC 

NSRDEC 

MOS 

MSP 

OSVT 

PPE 

SCBA 

STOP 

SD 


Army  Corabu  UQifonn 

Advanced  Coinbai  Ilclmei 

Air  Puniyi  Mask 

Bank  Dre&s  UiDTorm 

Chemical/Bioiogical 

Dcpanmeni  ofllumebnd  Security 

Explo&ive  Ordnance  Disposal 

Homeland  Securiiy  Operauani 

Human  Re&earcb  Volumeer 

JSLIST  Block  2  Glove  Upgrade 

Joui  Service  Ligbtweigbi  Jotegreted  Siiil  Technology 

Law  Enlbrcecneo! 

Law  Enforcement  Advanced  Proieciion 
Nuclear,  Biological,  and  Chemical 
National  Fire  Proiecuon  Association 
National  (osiiiuie  of  Justice 

National  (osiiruie  for  Occupational  Safety  and  Health 

Naiiooal  (osiiruie  ofStendards andTecboology  •  Otlke  ofL^nw  Enforcement 

Standards 

Naiional  Protection  Center 

U.S.  Army  Natick  Soldier  Research,  Development  and  Engineenog  Comer 
Military  Occupational  Specialty  (US  Army) 

Maisachuserts  State  Police 

Opposing  Forces  Surrogaie  Vehicle  Training 

Personal  Protective  Equipment 

SeJt* Contained  Breathing  Apparatus 

Special  Tactical  Operaiioni 

Standard  Deviation 
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UNCLASSJRED 


